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77 and Advantages of Mathematicks in General ; and 


1 Think it needleſs (and almoſt endleſs) to run over-all Abe Ei. 


ſhall therefore only touch upon thoſe two admirable Sciences, 8 
Arithmetick and 3 which are indeed the two grand 
© Pillars (or rather the F 755 


ations) upon which all other 
Mathematical Learning depend. 2 


* 
*% 


15 


the Merchant to the 8 c. can be managed and carried 5 


on, without the Af ance of, Numbers, * 2 
And as to the Uſefulneſs 1 Geometry, it is as certain, that no 


curious Art, or Mechaniek-Work, can either be invented, improu- 


ed, or performed, without it's aſſiſting Principles though per- 
_ haps the Artiſt, or Workman, has but little (nay, ſcarce any) 
Knowledge in Geometry, M4 | 
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Sciences, when duly joined. together, to aſſiſt each other, and then 
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many more very uſeful Arts, 2 many tobe enumerated here) 


ĩobolly depend upan the aforeſaid Sciences. 


And therefore it is no Wonder, that in all: get ſo many ingent- 
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en the Subjeft of Mathematicks ; but then moſt of thoſe Authors 
ſeem to preſuppoſe, that their Readers had made fome Progreſs 
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Books, which are generally large Volumes, written in ſueb ab. 
firuſe Terms, that young Learners were really afraid of looking 
into thoſe Studies. 
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Geometry; and from theſe Foundations proceeded gradually on, * 
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And for that Reaſon 1 publiſhed this Treatiſe (Anno 1 50 7) by 2 
"the Title of the Young Mathematician's Guide; which. has an- 
wered the Title fo well, that I believe I may truly ſay (without 


EN Vanity) this Treatiſe hath proved a very belpful Guide to near ö 


eve thouſand Perſons ; and perhaps moſt of them ſuch as would + 
— — po ak the be 4 | 1 8 . 4 ; 
Aud not only ſo, but it bath been very well received among ſi the 
Learned, and (I have been often told) /o well approved of at the 
Univerſities, in England, Scotland, and Ireland, thgt it is or- 
dered to be publickly read to their Pupils, &c. 6 
be Title Page gives a ſhort Account of the ſeveral Parts treat- 
ed of, with the Corrections and Additions that are made to this 
Fifth Edition, wbich I fhall not enlarge upon, but leave the Book 
#o ſpeak for itſelf; and if it be not able to. give Satisfaction to the 
Reader, I am ſure all I can ſay here in its Bebalf will never re- 
commend it: But this may be truly ſaid, T hat. whoever. reads it 


oper, will find more in it than the Title doth promiſe,” or perhaps. * 
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eme of the Rubbiſh that lay in the Way to this Sort of Know- 


he expefis : it is true indeed, the Dreſs is but Plain and Homel , 
it being wholly intended to inſtruct, and not to amuſe or puzzle * 4, 
the young Learner with bard Words, and obſcure Terms: Houw- 
ever, in this I ſball always have the Satisfaction; That J. bave 20 
Vncerely aimed at what is uſeful, though in one of the wore = 
Ways; it is Honour enough for me to be accounted as. one of the 


Under-Labourers in clearing the Ground a little, and removing F: 
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Is ” *fettions, (Humanum eſt errare) which I hope the Reader wil! ky 


excuſe, and paſr,over with the like Candour and Good-Will that 
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Theory and Practice, is only te ſcarcli out and deff 


the true Quantity, either of Matter, Space, of Motion, are. 
1 cording as Occaſion Pequires. 


By Quantity of: Matter ic here meant the Main * 
1 of any viſible Thing, whoſe Length; Breadth, and Thie 
- neſs, may eit ber be meaſured or eflimated. . 


By Quantity of Space is meant the 1 of ne Thing 


om another. 


Aud by Quantity of Motion is mk the Swifmeſ Cl "ay 


Thing moving from one Place to other. 


The Conſideration of theſe, according as they may be brofoſes ate 
"the Subjects of the Mathematicks, but chiefly that of Matter. 


Now the Conſideration of Matter, with reſpet# to its rant; 
Perm and Poſition, which may either be Natural, Accidental}, ir 


© | Deſigned, will admit of infinite Varieties : But all the Varieties - 
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+ "GEOMETRY 7 4 Science by which we ſetrch out, and come to 
Nuo, either the whole” Magnitude, or ſome Part of any propoſed S 
=: ' Quantity; and is to be obtained by comparing it with another known 

| Duantity of the ſame Kind, which will always be one of theſe, * 
» viz. ALixe, (or Length only ) ASurracesy'(thet ir, Length 
1 and Breadth) or SOLID, (which; hath Length, Breadth, and 
Depth, or Thickneſs) Nature admitting of no other Dimenſions 
>. but theſe Three. l 8 eee e 

„ AntrRuxrick 7s 4 Science by iobich we come to know what -. 
= Number / Quantities there are (either real or imaginary ) of any 
Kind, contained in another. Quantity. of. the Kind : Now this 
Confederation is very different fram. that Geometry, which-is 


"only to find out true and proper Anſwers to all ſuch Dueſtions as 

-.. Gt#mand, how Long, how Broad, how Big, &c.. But when we 

.  "eonſider either mor? Quantities than one, or how often one Quan- 
1 contained in another, then aue haue Recourſe to Arithmetick, - 

* _ "which is to find out true and proper Anſwers to all ſuch. Queſtions 8 
| | © erdemand; how Many, what Number, or Multitude . 
iber are. To be brief, the Subject of Geometry is that of Quan 

1 tity,quith reſpect to its Magnitude only; andthe Subjeft of Axith- 

metick 7 Quantities" with reſpec? to their Number on.. 

*. _ ALGEBRA ia Science by which the moſt abſtruſe or difficult 


A iProblams, either in Arithmetick or Geometry, are. Reſalved and 
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3 of * three noble and uſeful Sciences, Arithmetick, Geometry . 
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of the proper Subjefts 


and Algebra. I ſhall now proceed to a a particular Account of 
each; and firſt o gra vl af which 4s the Baſis or Foundation 
of all Arts, both Mathematick and Mechanick; rg es, hog it. <Y 


a n to ” well: kan oye 8 1 51 are meddled vithal.... 
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e CHAP eee 


Concerning the Arpt Parts of AR1THMETICK with the 
Defpnitiom of ſuch Charatters as are uſed in this Treatiſe.” 


Aon or the. Art of Numbering, is fitly divided 


" 
* 
2 * 


into three diſtinet Parts, two of which are properly called . 
tural, and the third Artificial. | 


The rf, being the moſt plain and eaſy, is Sa called ® ; 


Vulgar Arithmetick in whole Numbers; becauſe every Uu + 
Integer concerned in it, repreſents one whole Dyantity of ſome 
Spectes or Thing propoſed. 

'The ſecond is that which oppoſes an Unit (and conſequently 
the Quantity or Thing repreſented by that Unit) to be Broken or 
| Divided into· equal Parts (either even of uneven) and conſiers 
of them either as pure Parts, viz. Each leſs than an Unit, 
elſe of Ports and Integers intermixt. And is ute called the. 9 
Dec rine of Fleer Frattions, „ 

The third, or Artificial Part, is called Decimal Arithmetick\ © ” 3 
. bang an Artificial Invention of managing Fragen or Broken. > 
- Numbers, by a much more commodious and eaſy Way than that 1 1 
of Pulger Fradliont: For the ſeveral Operation performet iu 
Decimals, differ but little from thoſe in hole Numbert: And 
therefore it is now become of general Uſe, eſpecially in Geo 1 
metrical Computations. | © =. 

” ArzrTHMETICK (in all its Parts ) is performed by the vari- 
ous ordering and diſpoſing of Ten Arabick Chopadiery, * Nu, 
mer u Figures (which by ſome are called- -Digits,). 


"8 4 Onr:T6;Thres,Four-BioeSix,Srpem Bi ptNinepher. 
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The Uſrof theſe CharaBers is Jaido be ft ge, 


53 
| E near ＋ bundred Trars ago, viz. about the Lear 1130) MY 
due Dr, Wallis: Algebra, Page 12. © =. 
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"The rſt of theſe Charadiers is called Unity and ma 
one. of any Kind of Species ot . As one , one 
Star, one Man, & c. 

Viz. Unity is that by which every "Thing that i is, is called one, 
{Euclid 7. Def. I.] and is the Beginning of all Numbers. That 
is 0 ay, Number is a Multitude of Units. Euclid 7. Def. a. 

For, one more one, makes Two; and one, more one, more 
one, makes Three, tc; Which is the Pp and "Die g/d 
or rather Axiom to Arithmetick. 


Par, "That, 141222. 1i+1+1=3: ee 
1+1+1+1+1=5. And 9.08 106+... 


Nine of theſe Figures were thus compoſed of Unit), and 1 dif. 
fetently ſorm'd to repreſent ſo many Units put together into one 
Sum, as was intended each ſhould denote: Nine being the greateſt 
- Number of Unite that was then thought convenient to be expreſſed _ 
by one-fngle Charader z the laſt of the Ten is only a Cypher, or 
(as ſome phraſe it) a Nothing, becauſe of itſelf it ſignifies no- 
thing; for if never ſo many Cyphers be Added to, or Subſtracted 
from any: Number, they can neither increaſe nor diminiſh that 
* Number ; but yet, as a\Cypber (or Cyphers ) may be placed, the 

other Reeures: will become of different Value, from what they: 
g þ were before, as will appear further on. 

For the more convenient ordering of the aforeſaid Numeral 
Pigures, according to the ſeveral Varieties that happen in Compu-. 
*#ations.; I do adviſe the young Learner to acquaint himſelf with 
the Sign) fication of the following A[gebraick Signs or Charafers, _ 
which he will find of excellent Uſe, as being a much ſhorter, 
better, and more ſignificant Way of denoting what is to be done 
(in moſt Operations) heat can otherwiſe be EY) in Wards: 74 
at * 5 5 


Sees. 


niche Nomer, cf The Sign of Addition; as 84791 is 8 more 5. 
| | and ſignifies that the Numbers 8 and 7 are to 

"MF id id be added into one Sum. The like is to be un- 
J 6b IVF 4 derſtood when ſeveral Numbers are —— 
together with the Sign = 


th | AS ze, e. denotes theſe s 


more. 


all to be added into one Sum. 
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Of har PE K | 
The Sign of Subftration; 28 9—6, is 9 leſs” 5 
= r 8 uh $75 and ſignifies that 6 is to be taken from g, 


9 þ 


-# 
* 


that ſo their Difference may be found. 


The Sign of Multiplication ; as 96, is 9 


| Into or 
1 into 6 ie ed 
3 18 las or with 6. * 


* The Sign of Divifon; as 82, is 8 by OY 
. 4% and ſignifies that 8 is to, be Divided by 2, alſo .. 
Al 


thus 2) 84, or thus $, each ſignifying che 
fame Thing, to wit, 8 Divided by . 


3 Nuantities) it — them to be * as 

„or 9+6=15, or 963, e. That 

is, aan Equal og, or r 
Land 9 leſs 6 is Equal to 3, G. | 


CE The Sign of Proportion, or that commonly 

called the Golden Rule, or Rule of Three, and 
) : : 18 always placed betwixt the Two middle 
| Toms or Numbers in Proportion. Thus 
12:8 :: 6:24. To be e is to by, 
X ſo is 6, to 24. 


bt rg ad their debe, hang den 2 


ls The of Equality or Equation, viz. ZR" 
As ever this Sign=1s elaced betwixt Numbers (or 
11 *.ͥ 5 


#1 


 » | + villhelpto ſhorten the Work. 
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CHAP, I. 2 


cee the Pringiphl Rules in 8 and - £ 
bo they are performed in Whole Numbers, © 


* In R-Rules by which Numerical Dagegen, 
a in all the Parts of Arithmetick, are many and various, ſe-- 
. varel of them being formꝰ' d and raifed as Occaſion requires, when - 


5 2 to Prac vice; yet they are all N within the 
* due 1 W UMERATION (or Nor a- 
4 on. | TION). 


| ek) I: CO NO GAIN Motyuicavion, 
ns Ns 2 enen or f Ratradion 11. NA 48 


* Sed. 1. % NournarioN « or Norarton. EY 
| r . 344 © 
3 ATION or Notation; teachieth 10 read or expreſs the 
true Value of any Number when writ down; and conſequently 
to write down any propoſed Number according to its true Value 


3 > 
: ; 3 _ A of 


1. T 15 a Order o* placing tink Figures. - . 
2. The true valuing of each Figure in its Place. 


; Both wire wy A exhibite in the following Table. | 


Period of |Pertod of | Period of | Period 7 ' 
Thouſands Millions. Thbou- [os 
Millions. ++... dhadh, * 


Units, | | | 


pd 7 


aces is reckoned from the Right-hand towards the Left; 

the firſt Place of any Number being always that which is the 
outmoſt Figure. the Right-hand : And whatever Figure fangs, * 

| zun chat Place, doth only ſignify its n . Value: r. + 

many Unitaſas that Figure repreſents. * 1 
be ſecond Place is that of Tens, * any er Font BY <A A 
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"Chai 2. Of büumef ba. 8 
The third Place is Huntreds, the dourth Placb ware 1 
That is, each Place towards the Left-hand' is Ton: reel | 
Value of that next it, towards the Right: 

For Inſtance, ſuppoſe 759 were propoſed to de cos or . 
e e according to the Value of each Figure aß they nor, 
ſtand· The firſt Figure in this Sum is , becauſe it ſtandꝭ ij be 
Place of Unite, and therefore ſigniſies but its o. — | 
lue, to wit, 9 Units, or g. The ſecond Figure 5 ſands in the 
Place of Tens, and therefore ſignifies five Tens or Fifty. The 
Figure ) ſtands in the third Place, or Place of Hunde, A“. 
25 it ſignifies Seven Hundred; and the whole Sum is to be 
rea or pronounced thus, Seven Hundred Fifty Nine, * 1 

Note, Altho' the Figure 7 ſtands in the third Place Werd 
ing to the Order of Numbering) yet when the whole Sum comes + 

to be read, it is firſt pronounced; the reading of Numbers hein 
performed like that of Letters or Words, always beginning wk 
the outmoſt Figure towards the Left-hand;* and ſo N 9 
as are placed together without any Point, Comma, Line, 9 
_ other Note of DiſtinQion, Feen are all but ape uw, | 
8 and muſt be read as uch, * 1 
For Example, 763596 is but one entire Fan or . 1 
notwithſtanding it conſiſts of fix Places of Figures, and isghus 
read; Seven Hundred Sixty Three THI, Five Hedge 52, 
| Ninety Sm. = 
The like is to be obſerved in retilion or expreſſing the true 1 
Vaſue of any Sum or Rant of Numbers conſiſting of Sevens Eight; 9 
Mine, or more Placgs of Hgures, each Figure being to be 12 _ 
according, to its Di nce * the Place 1 Haie As ip le i 
ſofegoing Table. 1 
Now fuch Values may 2s well ariſe b te, 45 by 1 f 
Figures; for Inſtance, 6 ſtanding by itlelf, repreſents but Six 
Unitr: But if a C ypher be annext to it thus, 60, then it becomes 
Sixty; for the Cypher poſſeſſing the Place of Units, hath there. 
by remoyed the 6 into the Place of Tens ; and another * 1 
more would make it 600, Six bundred, Ke. + 8 3 
Whence it may be nbted, that although a Cypber &f 1 yg 
ſignify nothing (as hath been ſaid before) yet being p Een 06 
the Right-hand of any Figurey it augments the Value of hat 
Figure by advancing it into # higher Place than hem It 
. would have been, had not the Cypher been there. 
Take one Example more in Nerf aNej (if yon pleaſe} q 
in the Table) viz. 678989654521, x "which 5 1% _ according * 
9 $ there ſigniſi ed. an 1 
nne * \ 3 þ 4; W rap of * ee 6 


* 0 ; * 
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9 * _ * 


FSi Hundred Seventy Eight Thouſand Million t,. 
Nine Hundred Eighty Seven Millions, r 
. Six Hundred Fift Four Thou and, s 9 8 1 
- »*» Three Hundred — nit. Of any propoſed Species 
or Qyantities whatfoever. © . 
a here it may be obſerved, that every third Figure from 
the Place of Units, bears the Name of Hundreds ; which ſhews 
chat if any great dum be parted, or rather diſtinguiſhed into Pe- 
= riods, of Three Figures in each Period (as in the foregoing 
Taable) it will be of good Uſe to help the young Learner in 
tte eaſier valuing and expreſſing that Sum. . | 
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1 Sect. 2. Of ApbDITIo NW. 

5 * L : 1 
JJ :Peflulate of Petition... . ME: 
That any given NUMBER may be increaſed or made more, by put- 
l ting another NUMBER, to it. dh 
* '  Apd1TION is that Rule by which ſeveral Numbers are col- 
lected and put together, that ſo their Sum or Total Amount may 
de known. E | 725 IR, 

An this Rule two Things being carefully obſerved, the Work 
Will be eaſily performed. 1 n 
F el is the true placing of the Numbers, ſo as that 
each Figure may ſtand directly underneath thoſe Figures of the 
- fame Value, viz. place Units under Units, Tens under Tens, 
"and Hundreds under Hundreds, ccc __ —_. 
Tpben underneath the loweſt Rank (always) draw'a Line to 
ſeparate the Siren Numbers from their Sum when it is found. 
 * Example. If theſe Numbers 54327, and 2651, were given to 
"be added together, they muſt be placed oP 
mee o a inn ns 30k 
bh | 1 73 Thus, * cot FA i & 
2. The ſecond Thing to be obſerved is the due Collecting or 
Adding together each Row of Figures that ſtand over one ano- 
ther of the ſame Value: And that is thus performed. 
Br n 0 Rule. | wud thny f CE OW ary 
uch er Addition at the Place of Units, and Add 
fluogetber all the Figures that fland in that Place, and if their Sum 
be under Ten, ſet it down below the Lins underneath its own 
Place z, but if their\Sum be more than Ten, you muſt ſet down 
. only the Overplus, or odd Figure above the * Tens) and;ſo +» 
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4 wo * Vn) * . 2 
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1 9 : #. 
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in the Place of Tens together, in the ſame Manner as thoſe af & 
' Units were added; then proceed in the ſame Order to ibe Pla 
% Hundreds, and ſo on to. each Place until all is done. 


| r A F 8 
Leet it be required to find the Sum of the aforeſaid Numbers 


„ | SR et? 2 9h; 
Ty 2651 | 


56978 the Sum required. 


Beginning at the Place of Units, I ſay 1 nd 7s 8, which 


being Jeſs than 10, I ſet it down (according to the Rule] under - 


neath its awn Place of Units q and then proceed to the Place f 


Tens, ſaying 5 and 2 is 7, which being leſs than 10, I ſet it down 
2 underneath its own Place of Tens, and proceed to do the like at 
* the Place of Hundreds, and then at Thouſands, ſetting each of 


their Sum underneath their own reſpective Places: Laſtly, be- 
cauſe there is not any Figure in the lower Rank to be added to 
the Figure 5, which ſtands in the Place of Ten Thouſands, in 


the upper Rank, I therefore bring down the ſaid 5 to the reſt, 


placing it underneath its own Place, and then 1 find that 


543277265 1256978, is the true Sum required. 
a * * * ; { 
EXAMPLE 2. „ 


FBauppoſe it were required to find the Sum of theſi Numbers, 
35784496+742+184+95: 'Theſe being placed, as befarg di- 
rected, will ſtand as in the Margin. 'Then beginning (as before) 
at the Place of Units, "7 5 and 4 is 9, and 2 is 11, ane 


1 


6 is 17, and 8 is 253 ſet down the 5 Units underneath its 78 f 2 


own Place of Units, and carry the 20, or two Tens, ti the 
and ꝗ is 11, and 8 is 19, and 4 is 23, and ꝗ is 32 and 7 
is 39 ; ſet down the g underneath its own Place of Tens, 
and carry the 3o, or three Tens (which indeed is 300) —— 


- . - i 18 Sy 

Place of Tens (at which Place they are only 2) ſaying, 2 148 | 
8 
95 


ſaying, 3 I carry and 1 is 4, and 7 is 11, and 4 is 15, and 
| $18.20} here becauſe there is no Figure overplus (as Here) I ſet 
wn a Cypher underneath the Place of Hundreds, ani kart the 


8 


_— OO. —_ bs 4 —_— _ Was . * 
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t the Place of Tens; Adding them and all the Figures that us 


The Sum ariſing from thoſe Additiont will be the Total 


to the Place of Hundreds, at which Place they are but 3, 5098 5 


27 en, (or rather the 2000) to 8 Place of Thouſands, ng 
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(as befdre) 2 1 carry find three is 5, which being the laſt, I ſet it 


Sum or Total amount to be 5095=35784+496+742+rdb4+95. 
Ik this Example be well conſidered, it will be ſufficient to 
. thew the uſual Method of Audition in whole Numbers; but to 
make all plain and clear, I ſhall ſhew the young Learner the 
Reaſon of carrying the Tens from one Degree or Row of Figures, - 
to the next ſuperior Degree, which is done purely to fave 
Trouble, and prevent the uſing of more Figures than are really 
meceffary, as will appear by the following Method of adding 
= = together the ſame Numbers of the laſt Example. . 


-.B . 
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E £3 : 


Thus, add together each ſingle ) ( [3151418 _ 
Row of Figures by itſelf; as if there 41916 
q Were no more ae that one Row, 714 2 
ſetting down the Sum underneath its /|-]118]4 - > 
_- — ͤ V Son. Bs. - dan as los * 


The Sum of the Row of Units, is 705 4 
The Sum of the Row of Tens, is | 70944 

Phe Sum of the Row of Hund. is 9 5 8 
Ihe three Thouſand brought down 3 oO 


* he Sun or Total Amount as before, is 5095 | 


* ot 


From hence I preſume it will be eaſy to conceive the true 
Reaſon of carrying the aforeſaid Tens; and alſo that Cyphers do 
not augment or increaſe the Sum in Addition. (See Page 4.) 
I might have here inſerted a Lineal Demonſtration of this 
*. Rule of Addition; but I thought it would rather .puzzle than 
improve a young Learner, eſpecially in this Place; beſides the 
. Reaſon of it is ſufficiently evident from that natural Truth of 
- the Whole being Equal to all its Parts taken together. Fuclid 1. 
r f e PO GB Foe ne 0 Be 
Tbat is, the Numbers which are propoſed to be added toge- 
- ther, are by that Axiom underſtood to be the ſeveral Parts, and 
their Sum or Total Amount found by Addition is underſtood to 
ttt... Th. 
_ And from thence is deduced the Method of proving the 
Truth of any Operation in Addition, viz. By parting or ſeparating 
| the given Numbers into two Parcels (or more, according to the 
Largeneſs of it) and then adding up each Parcel by itſelf : For 
if thoſe particular Sums ſo found, be added into one Sum, and 
that Sum prove Equal, or the ſame with the Total ri = 
. ä 1 | Ound, 


* 


s * 1 
Fr 
. N 


down underneath its own Plage, and all is finiſhed. And find the = 


e enen if not, N * be en to diſcover | 
* the Error. 1 * ue 


bt 8 4 
5 
= The Sum of Fo * is, * 
4165 


The Total gun bf. | ot j Sum of each 
all theſe 8 0 6 2660 e A 45 
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e of Piſs 
| That any in may be diminiſbed, or made leſs, by — 
2595 anotber NUMBER "from it. FR 


| eee HEB is that Rule by which one Mun ber is de- 
ducied or taken out of another, that jo the Remainder, Pare. 
or E*:e/s may be known. . | + 2 
As 6 taken out of 9, there 3 3. This 3 is alſo the + <= 
Di erence betwixt 6 and 9, or it is the Exceſs of g above 6. | 
herefore the Number (or Sum, out of which Sub/trafian is * 4 
required to be made, muſt be greater than {or at leaſſ e to) 
the Fubtrabend or Number to be ſubſiradte 
Mar cd This Rule is the Conve the w dire Contrary to, Aud. 
tion. | Wy 
And here the ſame Caution that was given in 1 Addition, of. ; 
placing Figures directly under thoſe of the fame Value, viz, Unitas 
under Unite, Teng under Tens, and Hundreds under Hundreds, 
&c. muſt be carefully obſerved; alſo underneath the loweſt Rank 
there muſt be drawn a Line (as before in Addition) 10 f arate 
the given Numbers from theit Difference when it is foul 1 
Then having placed the leſſer Number under the greater, the FO 
Operation may he thus performed. . * 
4 RU LE. * 
* Begin. at the Ri gb. band Figure or Place "of Unite, 1 os 
Ad 110 1 tale or . * Hons Figure is Iba from 


| iow. the UE that Rand over. it, ſetting down the Remainder | 
or Difference underneath its own Place, If the Tus Figures 


chance to be Equal, ſat down a Cypher: But if the upper Figure 
be leſs than the lower Figure, then you muſt add 10 to the upper 
Figure, or mentally cal] it 10 more than it is, and from that Sum 
ſubſtra& the lower Figure, ſetting down the Remainder (as before 
| directed.) Now becauſe the 10 thus added, was. Juppor'd to be 
berrowed from tho ner ſuperior Place (viz. of Tens) in the upper 
Figures, therefore you muſt either call the upper Figure in that 
Place from whence the 10 was borrowed, one leſs than really it is, 
er elſe (which is all one, and maſt uſual) you muſt call the lower 


Figure in that Place one more than it really is, and then proceed 


to Subſtraction in that Place, as in the former; and ſo gradually 


on 1 5 one *. 0 fFighres to another until all be done. 


BXAMPLE 1. 


Let it be required to find the Difference between 6785, and 


4572. That is, let 4572 be ſubſiraFed from 6785. 


ſtand 


Tt 6785. 
1 4572 


—— — 


221 


Theſe Numbers being - _ as before directed, will 


9 at the Place of Units, take 2 from 5 and there 
will remain 3 which muſt be ſet down underneath | its own Place, 
end then proceed to the Place of Tens, taking 7 from 8, and. 


there will remain 1, to be ſet down underneath its own Place; 
| again, at the Place of Hundreds, take 5 from 7, and there re- 
mains 2, which ſet down, as before; laſtly, take 4 from 6 and 
there will remain 2, which being ſet down underneath its own 
Place, the Work is finiſhed, and the 1 M ſo found ws be 


221 3=6785—45 7a, as Was required. 


3 „ f PL E 
The Difference between 5849, and 7496 is required. 


-Having p laced the Numbers as in the Margin, begin 
"at the Place of Units (as before) and ſay g from 6 cannot 
be, but 9 from 16 and there remains 7, to be ſet down 


under its own Place; next proceed to the Place of Tens, 


where you muſt now pay the 10 that was borrowed to 


make the 6, 16, by accounting the upper Figure 9 in that | 

Place one ſeſs than it is, ſaying 4 from 8 and there remains Wi 

0p elle pe. is the moſt 2 85 1 1 borrowed and 4 is 596 
| 1 


1496. 
"5849 


* 


1 


% * . * 7 *, a? 
2 * - * x * 9 8 5 +5 
A 4 ITE l 1 * 9 
. of 2 
Ka. Sn i * 1 
. q 


of From 9 and there e 4, to be ſet down ne; ſts own Place 8 
- (as before); again, at the Place of Hundrodi, ſay 8 from 4 that 

cannot be, but 8 from 14 there will remain 6 to be ſet down; - 

and here 1 have borrowed 10 (as before) which muſt be paid in 
the ſame manner as the other 10 Was, viz either by calling the 
7 in the upper Rank but 6, ſaying 5 from 6 there remains x, 
or elſe by ſaying 1 borrowed and 5 is 6 from 7 and there remains. 
1, Which being ſet down under its own Place all is done, and 


the e required will be ARE ARE 849. 


EXAMPLE 3 


From 830476 
Take 741068 


— — — 


99408 


4 


By this Lien ws may” perceive hs Wo in he Sub 
trabend, viz. in the Numbers to be ſubſtracted, do not diminiſh 
the Number from whence Siubſtrafion is made. See Page 4. 

Theſe Three Examples, I preſume may be ſufficiem to ſhew 
the young Learner the Method of ſubſtraci ing whole Numbers 3 
as for the Reaſon thereof it is the ſame with that of Addition, 
Page 10, viz. of the Whole being equal to all its Parts Re | 
together. | 

Be is, .in this Rule the Number from which Subſtraction 3 

equired to be made, is underſtoood to be the Whole, and hie 
trabend or Number to be ſubſtracted, is ſupposꝰd to be a Part 
of that Whole; conſequently if that Part be taken from ay - 
Whole, the Remainder will be the other Part. é 
From hence is deduced the common Method of proving 955 
traction, by adding together the Subtrabend and the Remainden.” * 
For if the Sum of thoſe Two (which are here called Parts be 
equal to the Number from whence ee was made (which 
is here called the Whole) then the Work is right; if not, care 
W be taken to diſcover and correct 5 


WON EXAMPLE. x, 5 "As 
8 39435 4 a 1 | | W. dos 
Toda 84.7605 3. g* 3 | , 1 A625 i . 4 2 1. ö 4 


« 11827 
Proof 125 The Sum; „which 5 is equal to . Ae, * 
8 PH 7 hence Subſtradtion Was * | 


* * ( ' 
E - 
8 Or 
* ers 
* * = 


a 
"= N ; 

= : \ 95 ) | x : s + 8 
* " * o NY | : 


| 22 
a 


* * * 
, F - * 
2 '% 
4 * % 7 * 


_—_ a 
1 a * . » 2 
„ ET... | hy , - 
bo * 
, 720 LO * 
Fe * Fx; rw. | Ss 
: 4 a vo 'FY —- 1 N 2 
1 — 
5 1 3 
— 5 7 
hy 2 * 4 * 11 tick £3 
s . 
» 


en 5 Sboveſaid Reglon, it "4 * tr 


how to prove the en of Subſraction by Subſtraftion.. # = * 
g For if from 1 8 bei ng here the 4 ; 5 4 F< 3 
there be taken 47608 as part of the whole; WEL 
| there will remain I 1827 the other part (as before) 8 5 
And if from +. 539438 the aden mare be eee the \ | 
laſt part, r. 11827 ; 25 „ 


there will remain 47608 the Gr part, or Number which was 


required to be firſt Jae. de 
* From 75643 8 From 8886 
Take 9000 4 Take 986432 
f gk 9925 3 1 3568 © hb 


. . 1 
ä OF 13 PR "wh ” © ON A. FS 1 « 22 8 


A 2 "YT * "IE > 8. M51 


Set. 2 0¹ Multiplication, 8 


1 is a Rule by which any given Number 
| = be ſpeedily increaſed, according, to any E 

| imes. - 8 
FJ bat is, One Number i- faid to Multiply another, when we: * 
Number multiplied is ſo often added to itſelſ atubere are Units 
in the Number multiplying 3 and . umber i⸗ produced, 
Unna 7. Def. 15) 
To perform Multiplication, there 18 required two given Nun. 5 9 
; betty. called Factor. R Y 
Ibe Firft is che Number to bo multiplied; which ene 
put the greater of the TWO Numbers, andi is ene call d | 


— . Wa 


a 


the Multiplicand. 


Ihc other is that nde by whach the fad in to bes. 25 
Plied, and is uſually called the Multiplicator or Multiplier, and ( 
this denotes the Number of Times that the Multiplicand is required | 
to be added toitſelf. For ſo many Units.as are contained in the 
Multiplier, ſo many times will the Miltip/icand be really added 
to itſelf (as per Euclid above). And from thence will ariſe 
"Third Number, called the Produ#. But in Geometrical Ope® 
rations it is called the ReHangle or Plain. 
For Inſtance ; ſuppoſe it were required to increaſe 6 * 
times, that io, to multiply 6 into or with 4. Theſe Two Numbers | 
| 80 1 be ſet (or _— down as in Addition or Subfirattion. 9 


Tk 4 
1 1 : * * * * 
„ 5 : i 
= 
4 - * Ie 4 


' v.43 * . k 
LS ES . P if] 3 = ; 8 $5 $8 e . . 
2 * * p 5 * * 
" 7. 3 TY: | | AN EY 
I - * N N 
7 * — * 5 
+ : * g 
| | * Of M 6 ] | , , | | 
7 = * : o 
Chap. Of Multiple # 
a 1 " . 
N 4 1 9 


Fa. 3 6. Multipli "WF 

x wa lee, v2 
;, A Produ## 24 viz. 4 times 6 is 245 45 as plainly appears. 7 %Y 
by Addition, vix. By ſetting 4 8 6 four fis) "TR 
2 and * adding N into one a 11. 2 


Thus 


Sum, #1 


Brom hence it is evident "y. Multiplication — 
it only a Conciſe vx Compendious Way of ad- 24 | 
ding any given Number #0 e fo often as ahy Number s k 
Times may be propaſed. - 5 

Before any Operation can be als performed in Multiplty Sor 
cation, the ſeveral Froduct of the ſingle Figures one into an- 
other mult be perfectly learn'd by Heart, viz. That 2 times 218 


— 


4, that 3 times 3 ĩͤ 9 and 3 times 6 is 18, &c. According as ® 
- they are expreſſed in the following Table; wherein I have g 
omitted multiplying with 2, it being ſo vey . that e 


ä 2 40 it. | 
—* * 3 Multiplication ©" ob. RIES 3 


FP Dee eee 3 
2 _[3X4=12]4X5=20|5 X03 7242 7X8=56 xo=17al. 4 
„ [3X5=15|4X6=24|5X78=3 5PXx8=48 — 81 5 


FA 1 think it needleſs to give any 8 of this T ables 
* for if the S:gns and their Significations bo well unde f wide \ 
N Page 5) it muſt needs be eaſy. Only this may was no that 2 
"i 4353/4 or e, Ce. . 


That is, 3 times 4 is the ſame with 4 times 3s or 5 tim ; 
is the ſame with 7 times gz, c. The like gud be underfigod 
| of all the xeſt in the Table, | 
Pg And when all thoſe ſingle Produds are ts perfectly lend 
by Heart, as to be ſaid without pauſing; you may then proceed 9 
(but not till then) to the Buſineſs of Multiplication ; which will! 
be found very eaſy, if the following Rule (and Examples) bs © 20 
* n | 


rr 
ics ie with that Figure which fands in Ihe Units Pans 
of tbe * ond with it multiply theFigure * * _ 


9 5 ; - = 
4 w 4 


* = 4 * 4 
* As ; 
WW : 
W * 
[1 
& U 


5 


ee 


99 the Und 


2 Fe to the next Figure 1 the Multiplicand. But if their 
Froduct be above Ten (or 
(er odd Eigure, as in Addition) and bear (or carry) the fo 
Ten or Tens in Mind until you have multiplied: the next Figure 


then to their Product add the Ten or Tens carried in Mind, ſet- 
ling down the Overplus of their Sum above the Tens, af befare ; 


res of the ö are ee wy that Dead? the 


” Ks 
= { Suppoſe it were * to multiply 3213 into or with 5 


16 1 i” | RES. ? , "rs Multiplicand, Ne 
; 14 * N 5 8 2 . or „ ich 8 
3 Produ RP 


3 Beginning at the Units Place, ws 3 31s 95 dc be⸗ 
1 cauſe it is leſs than Ten, ſet nou underneath its own Place, 
And proceed to the next Placę ef Tens," ſaying'3 times 1 is 3, 


_ wiz, of Hundreds, ſaying 3 times is 602 which ſet down, as 
| before; laſtly, at the Place of Thouſands, ſay 3 times 3 is 9, 
185 being ſet dowm underneath its own place, the Operation 


7 2 
. 9 \ 
+ ol 
$3 01 . * # 
1 * 4 * 
F 5 0 
. „ * 


he 2 underneath i on Place of Units, and hear the 50; or 


-Phicand, (at which Place the'7 Tens are only-7) ſaying 8 times 
6 is 48, and the 7 carried in Mi Ways Tet Foils 4 odd g 


really 4500) to the next Place (viz. of Hundreds)” at which 


and — the 40 gr 4 K e is . 4000) & to the 


ne 


| Place- ts the Multiplicand; "if their Produ8 be K. 
& / than Ten, ſet it down underneath its own Place of Units, and | 
ns) then ſet down the Overplus 2 4 
= 5 3 the Multiplicand, with the Jame Figure of the Multiplier; 


4 04 fo proceed on in tbe very ſame Manner, until all the Fi- | 


which ſet down underneath its on Flacez then tothe next Place, 


3s finiſhed and the ttue Produtt i Is e 33, as was re- 


* Aa it be required to muſh 856g into 8, we; dow the | 


5 „ as before. | 
8 Tf 5, | 
5 8 
8 72 I 
—_ L Bbrinning at the Units Place, ſay 8 times 9 is 72, ſet * | 


7 Tens in Mind, And proceed to the next Figute of the Multi- 


| : 1% underneath its own Place of Ten, and carry the 5o (Which is 


Place it is only g, where ſay, 8 times 5 is 40, and the 5 car- 
ried in Mind is 45; fer down the 5 underneath its own Place, 


at & 22 U 
% 4. EF. - F ** 


3 


fs, % * — * * 
f — aA j | 
— * Q * 4 x 
* * 
* 3 2 
% N ap-. 2 


| Rand how to multiply whole Numen anz ſingle Figure, 
ſo many Figures as there art in the OO” ſo n particu 725 


plied with every ſingle Figure of the Mit eg ere were 
duds, will be the true Product req wired. But in thoſe 


i Wc Ames und the wy N (* 2 7 the 


4 


„ 


Is done. 


Now the Reaſon of this and all other the like Operations, 
may be FE conceiyed from this which follows. SC" 
"856 


er, as before » XZ Wes 5 


Ef 


Here 8 N 7: „as bee becauſe the 9 Nands. 

5 the Units Pee 8 
Now Rhere it . 8 times 606 but it's is 

it times 60=480g beegule _ ſtands 1 in the Place * 


ENTS. 


f And here it is not 9 Himes 5 but it is Yeally 8 


00/05 times 500224000,. . e 5 ſtands in the Place 
| N of Hundreds. & ' 
Laſtly, becauſe the 8 in A Myltiplicand ſtands uf 8 
0 Ji Place of the Thouſands, it i therefore 8 times MF 
| | 8060=64000z and not 8 _ $=64.” 
| The Sum of the Partſeitlar Frauli which yes." 
6 85 5 6 18 true Produtt, Pp before. DA ; 
By what hath been already ai withs ittle Gander 
had to the Examples, I preſue ie Lege may eaſily under- 


6 


And when it is requir'd to multiply with more than oney then 


lar Produds there muſt be. 
That is, all the Figures of the Miliip1icend muſt be multi- 


but one ſingle Figure: and the Sun of alt thole pagtic 


tions, great Care muſt be taken. in zoe & own the pa * 
Producis (which ariſe by each-multiplying Figure) in their pris... 


Places, Which will be eaſily done, if the following Direaions, Fi : E 


be carefully obſerved. . 
Always place the firſt Figure ( 
Vir. 


particular . the wltiplying* * 


Figure. Or 
We Firſt Figure (or Cypher). of the ſecond partiviilar Prodog 
muſt fland dire#ily under the ſecond Figuze- (or Place * 
bird 


particular 


. 
> Of Mag le don, 5 7 "IM 


e Place et Thouſands, ſaying, 8 times 8.3s A an 
arried in apts $5 68. - (Now this 5 the laſt Place or * 3: py 
*o be multiplied) ſet down the whole 8 68, and the Won 


Jo that, 8560 8 68552, the Produft e 1 ay 


N e of every 2 IF E 


* e n 0 WE 2 
8 * . 13 . a \ L 
=YJ 2 v 19 . - — « - 9 
v = * * N 
7 4 - 
* ut \ \ - -& 1 
> * 8 * P * 
, 1 I | A 7 0 f 4 * " 
= —— 
* 
Y 


* 5 * 
* 


1 18 5 15 ee 8 5 


> OR 1 mu oe dire&ly underneath the Third Fi 


sus of the Firſi Produ And fo on until all is dene. 


Product in this Order, will be very obvious to any one that 


- conſiders the laſt Example ; wherein the Cyphers are only ſet 
don to ſhew the true Diſtance of the firſt Figure in each par- 
ticular Produd from the Units Place. And altho? it is not uſual 


to ſet down Cyphers in this Manner; yet they are always ſup- 
pos d to be there: That is, their Places are Ways lest void, 
as in the two following n wherein 1 have placed Points 


Ws 


Now the Reaſon of placing the firſt Figure of every particular 


inſtead of Cyphers. 5 . 4 
EXAMPUE 3. 3 
* Let it be required to multiply 78994, 0 or with „. 
| 3 Factors. | * | 
234282 The Fir e Produa with - "$8 


468564 . The Second particular Product "oy 60 
- 390470... The Third particular Produ with 500 
546658... The Fourth * Frodust with 7ood 


85 e The 7 otal, or true Produtt required. 


E X A M PLE 5 
| Suppoſe it be required to u $7498 into 9909S, 


$7498" NET ras 
60008 5 . J ; > 
7 50084 1 The Breda with 8, 
346088 The Producit hs 60000 


WM £0530984=57498>60008, as was required. 
1 you may obſerve, that I paſs over the Cyphers, and only 


take Care of placing the firſt Produ# of the laſt Figure; Viz. | 


of 60000 according to the foregoing Directions. 


When there is a Cypher or Cyphers, to the Right-hand either 


- of the Multiplicand or Multiplicator, or to both; in that Caſe 


| multiply the Figures as before; negleQing the Cyphers until 


de particular Produds are added together; then to their Tum 


annex ſo many 9 as are in either or both . As 
in theſe : * . 


« # 


- EXAMPLE 


— y * 
5 U 
1 . 
Tc P "So 
\ AZ ? — 
CI" 
= / w 10 1 * 
o bs. 4 
2 ** 4 *f _ * A n 


9 | e N 


Chap. 2. "Of * Mattiplcation | H 19 ? 


EXAMPUBS, EXAMPLE 6. ELLE „ 


9538 87600 „ NOSOG! T2077 
4600 e (2, 75 56900. „ 
57228 | »884: cf $70.0 OR LES 
38152 e 910 
| 43874800 N 69 fůee — — 


% 
* 


44666 500000 . 
N . 4 few bub without their Work af large. 


75649X5 79=43800771 2 | 
. 687000X356=244572000, ä 
- $30674X45007=23884044718 _ —̃ _ 
7901375X30000” 237041250000 ' 
- $37084000X590700=317255518800000 + 
102030405X504030201=51426405540261405 
98 70543211234 SN09S1209 326307 12635209 


£900 


Note, If it be required to multiply any Number with 10, 100, 
1000, 10000, &c. it is only annexing the Cyphers of the Mul- 
tiplier to the Figures of the Multiplicard, and the Work is done. 


Thu $78X10 =5780. $78X1600 7500 | 
578X100=5 7800 | 578X10000>=5 780000, &c. 


Theſe Examples (being well Jeroen | are ſufficient to in- 
ſtruct the Learner in all the Varieties that gan happen in multi-- 
plying of whole Numbers, according to the Methodggnerally * 
practiſed: However, it may not be amiſs to ſhew-Hemhow 


| Multiplication may be Oe” (with many r 2 2 
ily dition wy. 9 N ov 


"EXAMPLE 


2261 it be required to multiply 879654 into 79863. 
til In order. to perform this (or any other Operation of this 
23 kind) by Addition only; you muſt make a Tariffa or imall 
As Table of the given Multiplicand, in this Manner : 2 

- Firſt, Make a ſmall Column, and in it place gradually down- =— 
2 the nine N Figures, viz, 1, 2, 3, 4 5», Se. 
Da ; Then 


Ni 20 hue, * 


5 (which 3 in this Example is 879654) and againſt the Figure 2, 
ſet down the Double of the Multiplicand, found by adding it 
to itſelf: To this Double add the Multiplicand, ſetting down 
their Sum againſt the Figure 3. ; 1 
proceed on by a continued Addition until 1 879654 
Were be ten Times the Mul:ip/icand in the 


2 
JS 
4 
«Right-hand of it, as in the annexed Table. 5 
This being done, it will be eaſy to conceive, 61527792 
that the Figures in the ſmall Column of the 7 $ 
Table, do reſpectively repreſent thoſe of the 8 
Multiplier: And that the Numbers againſt _' 2 


* #: ** 
* 


-.. eaſy a 
ſome to th» Memory, and therefore in large Calculations it may 


wherein (I preſume) the Reaſon and Proof, both of it, and. 


* n on, will * apply toe ne =. 
*: . Ses. 
p * 
5 p 5 4 g 5 * 8 24 


2 . o 5 
4 > | 
\ Sp 4 FER oo SLRS 
11 IT” « 7 1 ere 9 
0 g 1 2 T r 0 1 \ *k# Y — . FM. : 
* a WL * & "x LY - 2 * „ 7 $ & * 9 4 * W * 
4 1 ; þ r ws 3 OR EIS ** r 7 r - 
- SFB = 7 4 9 A L o ly > "5 
as. 0 1 * n 1 5 888 
8 . * * 
. l N * * 


Then bs. 5 Yo Figure 1, et Pe the e is 2 


And ſo 


1759308 
2638962 
3518616 
4398270 


Table; which if the Work is true, will be the by 
Multiplicand itſelf with a Cypher to the 


71615757 
97037232 
7916886 


8796540 


any of thoſe Figures in the ſmall Column, will = 
be the true Product of the Multiplicand agree- / 


ing to any Figure of the- Multiplier ; as plainly A the 
Work of this Example. 


Then © | #196543 The Factors as before. 
85 OR 79863 
-3, in the gan | is 2638962 =879654%3 
N 6, is 5277924 =879654X60 + 
Againſt 3 8, is 7037232 =879654XB00- - 
3 9 is 79165885 =8796534Xg000 
n 7» is 6157578 os edo 


The Predu#? requirtd, 70251807402 =879654X79863 


Note, 'This Method of Tabulating the Multiplicand, | is both 0 
certain; being neither ſubje& to Errors, nor burden- 


be found very uſeful. But for common Practice the uſual 


Method (as in Page 18, Sc.) is beſt,” and to be preferred be- 


fore this. 
Moſt Maſters that teach (and ſeveral Auna that write of) 
Arithmetick, do teach to prove the Truth of Multiplication, by 
caſting away all the Nines that are contained in both the Factors, 
and their Produ#? ; but becauſe that Method is very erronious, 
as might be eaſi | ſhewed:; I ſhall therefore omit inſerting it, 
and, leave the Proof of Multiplication to the next Settion, 


* | \ | 
+*.& \ 
- . \ y is. | | 
enen | * ; 

W 5 e r r — [0 Kees + ; 

6 DIP nent ons > + | f - 

L ACTOR q * W- 14 9 | 
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Chap. 2. 


: ; | oe 
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! I 


Of Diviſion. 8 „ _— 
t Section 5, Of Diriſio. 


D1v1810N is a Rule by which one Number may be ſpeedily.  ___ 
fſubſtracted from another, ſo many Times as it is contained 
therein. by 
That is, it ſpeedily diſcovers how often one Number is con- 
tained (or may be found) in another: And to perform that, 
there are required two Numbers to be given. | 
1. The one of them is that Number which is propoſed” to 
be divided, and is called the Dividend. e 
2. The other is that Number by which the ſaid Dividend ii 
to be divided, and is called the Diviſor. . , 
And by comparing theſe two, viz. the Dividend and the 
Diviſor together, there will ariſe a third Number, called the 
Quotient; Which ſhews how often the Diviſor is contained in 
the Dividend, or into what Number of equal Parts the Divi- 
dend is then divided. Therefore, 8 
Diviſion is by Enclid fitly term'd the meaſuring of one Num- 
ber by another, viz. one Number is {aid to meaſure another by 
that Number, which, when it multiplies, or is multiplied by iti, 
it produceth, Euclid 7. Def, . .- = _ 
And if a Number meaſuring another, multiply that Number 
by which it meaſureth, or be multiplied by it, it produceth be 
Number which it meaſureth. Euclid 7. Axiom 9. | | 
That is to ſay, if that Number which divides another (calls, 8 
the Diviſor ) be multiplied with the Number which is produced” 1 
by Diviſion (called the Quotient) their Product will be the NW. 
ber divided or Dividend. Whence it follows, that Diviſon and 
Multiplication are the converſe. and direct contrary one to an- 
other. (as Ne is to Addition) and do mutually prove 
the Truth of each other's Operations. | PI OY 
I ſhall therefore make choice of the foregoing Examples in 
Multiplication, in order (as I preſume) to render the Buſineſs 
of Diviſion morg, plain and eafy.  _ 5 
Firſt, let it be required to find how often 6 is contained in 
24. That is, to divide 24 by 6. ty 
VN. B. Always place down the given Numbers in this Order; 
Firſt ſet down the Diviſer, and to the Right-hand of it dtaẽw a + 
. crooked Line; then ſet down the Dividend, and to the Right... 
hand of it draw another crooked Line, in which muſt be placed 
the Quotient, Figure, or Figures as they become found. 


2 


— 
Oo 
- 


N 


>. 


,-» 23 

__ \ , 8 9 . 

4 4 "I 4 * At 25, od 8 
* - 


. K C »# 8 1 a Re 
1 5 I a —_ » : : 2 2 « * LY 
- Po ” % © p 5 % = 4 3 . - * 


N * 
* 71 * I 
- 48> © 


* 
* 4 oy 


* } 1 Þ 0 
7 3 n . . 21 | 
ö 8 A : 
WW \, <q 7 „ 4 n 3 
8 1 R * * 
” 


F 
242 kn ück, "Part * 
95 1 Dividend. 


Thus N  Diviſer 6) 24 (4 * CSS: | A 
Here I conſider how many Times 6 there is in 24, and find 


it 4, viz.g Times 6 is Mo, therefore 4 is the true 2 or 
8 e 


2 124 
G 
This is apparent by Subftrafion, as £20 — 1 5 
in the Margin; where 24 the Dividend f d 2 6 
is ſet down, and from it 6 the Diviſor ' 2 ==" 
; contiooly ſubſtracded ſo often as it can 2 12 
de, which is juſt 4 Times. Therefore 8 * 4 E 
Lis the true Quotient or Anſwer required. Fa A nd 
Nam | 38 242 | 


| Calm. 8 "JOE , ; 


| 5 8 hence it is evident, chat Divi if 7on is but a. conciſe ar” 
*  compendious Method of ſubſtracting one Number from another, 

_ ' ſo often as it can be found therein; for if the Diviſer be con- 

—_  tinvally /ub/ira#ed from the Dividend, accounting an Unit 
bor 1) for each Time it is ſubſtrafed (as _ the wp 'of 

. Goſs: Units will be. the Quotient. Wy 


All Operations i in Dioiſs on do begin contrary to thoſe of 
LS Miltiplication, viz. at the firſt Figure to the Left-hand, or that 
the higheſt Value, and decreaſe the, Dividend by a repeated 
_ * Subſtrattion of each Product ariſing from the Diviſor when 
9 2 "i ip liad into the Quotient Figure. And the only Difficulty in 
ER” Divi/on of whole Numbers (or indeed of any Numbers) lies in 
making choice of ſuch a Quotient Figure, as is neither too big, 
vor 100 little; and that may be eaſily obtained by obſerving | 
che ee Rule which hath two Caſes, 


We rr, 


Caſe 1. Ar c den as the Fs Figure of the Diviſor is taken 
ns 2 ks the firſi-Figure of the, Dividend: So often muft the fecond 
Figure of the Diviſor be taken from the ſecond Figure of the 
Dividend, when it is joined with what remains of the firſt, / And 
4 often muſt the third Figure of the Diviſor be taken from the 
"third Figure of. the Dividend, Se. 
But if t the firſt Figure of the Div//or cannot be taken from” 
me firſt Figure of the 8 e b 4 : 
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wy . "Of Diviſion, © 5 8 9 
Cale 2. So often a as the firſt Figure of the Diviſots.; 4s talen I 
from the two firft Figures of the Dividend, ſo Men muſt the ; 
uy Figure of the Diviſor be taken from the thirg e CY the | 
ividend, when it is joined with what remained: 4. Second e 
And fo often muſt tbe third Figure of the Dividers A rom - 
the fourth Figure of the Dividend, ce. 
That is, the Quotient Figure muſt be beh W eee 
into the Divifor, will produce a Produ#t equitt to ſuch i Part of 
the Dividend as is then taken for that Operation: But if fuch 
a Produ# cannot be exactly found, then the next leſs muſt be 
taken, and ordered, as in the following Examples : of which let 
that in Page 16 be the firſt, wherein there was given 8569 the 
 Multiplicand, and 8 the Multiplier. To find the Tradudf 68552, 
Let us here ſuppoſe the ſaid Produd? 68552, and 8 the a. 
lier, both given; thence to find the Multiplicand. , That! is, 
Let it be required to divide 9 52 by wel 


Dividend. 
Diviſer 8) 68552 ( Nuten when found... 


According to the Rule, Caſe 1. 1 compare 8 the Diviſer with 

6 the firſt Figure of the Dividend, and finding I cannot take it 
from that; I then conſider (by Caſe 2.) how often 8 can be taket _ 
from 68, the two firft Figures of the Dividend, aud find it may be 
taken 8 times; for 8 times 8 is 64, being the greateſt Produd7 of —_ 
8 (into an Figure that can be taken from 68. I therefore place 

8 in the Duotient, and with it multiply 8 the Diviſor, ſetting x 
down their Product underneath the ſaid tyo firſt Figures of the” 4 
228— ſubſtradtling it from them, and then the Work v a 4 


Thus 8) 68552 6 „ / one 
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| | 9 AY „ 
In order to a ſecond Operation I make a Point under the next. © 
Figure of the Dividend, viz. under the 5, and bring it down unn RX 
derneath in its own Place to the Remainder 4, which will by — 
that Means become 45. Then I conſider how many Times 0 
can be ones from > and find 1 it may be 3 . mes; ror 5 times 2 : ia 
8 is 40, I therefore 5 in the Quotient, Aud with it mug 
8 the Diuiſor, Kan boo and ws 5 2 5 1 
=o RT. Then e f 
vo ; | . 1 
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For a third Operation, I make a Point under the next 
Figure of the Dividend, viz. under the 5 and bring it down, 
as before, proceeding in all reſpects, as before; and then the 
Wan ml land * 
Thus 9) 68552 (855 
64. e 
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7 5 . * 
Lady, I ENS and bring down the 2, viz. the laſt Figure of 
the Dividend to the Remainder 7, which will then become 72, 
and proceeding as in the other Operations, I find that 8 the 
Dipiſor, can be taken juſt 9 Times from 72, and the Work i is 
by > * will ſtand 5 
5 bg Thus s 8) 4550 8 
n rang 


» £23 © "Se * 
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The 0 true Quotient is und t to "be 8 * being exactly the 
255 Part of 68552, or the Multiplicand of the propoſed Ex. 
ample of Multiplication. As was. required. 2 

The Reaſon of the Operations will be very PA: to any one 
chat will a 1 copier it, as 4 Hi | 15 
Diviſor 


This Produ# of the Beier into 


Quotient is 64000, viz. 8 times Waaand 
Quotient Figure being always ole ame - 


Subſftraft 


| | which the Unit's place of its Produ s 
Diviſor 8) 2 500. The jecond Duotient Figure. 
$ub 4 A l 1 =” And here the rom 4000, VIE. 8 

ubftra 7 ofoo f times 500, not 8 times 5. 9 
Diviſor 8) |5[5]2 (60. The third Wonen Tow 

Subltran 408 of. Alſo here the Produc is 480, viz. 3 
 Subſtrat times 60, for the Reaſont aboveſaid. 
Diviſor 8) 712 (9. "The tourth Quotient Figure. 

Now here the Produ# is but 7a, viz. g 
Subflract EE | _ 8, becauſe the 9 ſtands in the Place 
| . | of Units. 

Remains (o 0) Now the Fun, of a the ſeveral wt oF; 
viz. 8000+500+60+9=8569, as before. 


If the Proceſs of this Example be well conſidered and com- 
pared with that of Multiplication, Page 17, it will ident 
appear to be only the Converſe of that; for the particular Pr 


duct are alike in both, only that which is / there, is firſt. 


here; there they are added, here they are ſubſirafed. So thats 
whoever underſtands the true Reaſon of the one, muſt needs*. 


_» 
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Value, or Degree, with that Figl, under 


* 


underſtand the Reaſon of the other, and then Diviſion will be- 


come very eaſy, Oct the — . Hi of ſeveral Places 


of Figures. 


EXAM PL E. 20 | 9 
Let it be required to divide 590624922 by 7563. 5 

Dividend > 
 Diviſer 7563) 590624924 ( f e 


- "Tis plain at the firſt ſight, that 7563 the Divifor, cannot be 4 


taken from 5906, the like Number o res in the Dividend. 

Therefore, by the Second Caſe of the 12 (Page a3.) there 

muſt be allowed five Figures of the Dividend, vis. 1 fa, for 
the irt Operation or 2 otient; that ſo the . Figure 7 0 
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the at ior Fas ** LIES out 3 of = two Juſt Firs viz. 59 | 
* | Then 22.3 | 
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Then I a pI 2.) and conſider how often 

| be taken from gg, and find it may be taken 8 times, for 
is but 56, which I mentally ſubfraF from 59, and there r 
z this three Lmentally adjoin the third Figure of the Di- 
. o, which makes it 30, out of which I muſt take the 
=. + fecond Figure of the Divifor,' viz. 5, ſo often as I took the 7 
B tom 59- which was 8 times: But that cannot be, for $ times 5 
is 40s Which is more than 30, therefore 8 is too big a Figure to 
be placed in the Quotient; yet, hence I conclude, that the next 
bes, vg. 7 may be taken without any further Trial. I there- 
fore place 7 in the Quotient, and with it mwltiply the Diviſr, 
ſetting down their Produ## under the Dividend, and ſubſira# it 
from . as in the other Example, and then the ork will 


4 | Thus 7503) 590624922 42 
| 529414 | 
| 98 f ; o : * 5 | ( S " f 8 | . 3 6121 | . 5 N | ” 
_— IT Os. | 


In order to a ſecond Operation, make a Point cas the next 
— Niere of the Dividend, viz. under the 4, and bring it down to 
wwe Remainder 6121, which will then become 61214, with 
=_ + which I proceed in all reſpects as I did before with the 59062, 
.and find the next 8 e will be 8, with which, I mul- 
e the Diviſar, &c. and ſubſiraf their Praduci n the ſaid 

1 * Then the Work will Rand _ 


; : Thus 7563) 590524922 65 
8 | $2947 
RE | 651214 
. | 60504 
i A 1 . 5 | x 710 WERE L 4 


e this Remainder 710» 1 point and bring down the o_ 
3 Enns of the Dividend, viz. 9, which makes it 7106; 
9 becauſe the Diviſar 7563 cannot be taken from 7109, 1 om 
3 place a Cypher in the Quotient. 
Aud this muſt always be carefully obſerved, Viz. That 4 
every Figure or Cypher, which is brought wh rom the 
dend, in order io a new . there muff s be either 
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Chap. 2 Ok Den 
5 Thus 7563) 590624922. (780. : 
| 35941 * oe) $3: 
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3 4. 65 


To this 1103 Ihring down 250 0e Print ot Gees. 
viz. 2. and then it will become 71092; then T conſider how 4 
often 7 can be taken from 71, Se. (juſt as at the firſt Operation) 1 
and find. it may be taken 9 times, therefore I ſet down'g he q 
Quotient, and with it multiply the Diviſor, ſetting down and f 
Jubſtrating their Produci, as before; then the Work will ſand + 

Thus 7563) 590624922 (780g —_— 
F NS , J 
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— +} 


61214 
60504. , 


| 7 * ; ' 
| 71092 | & > 3 
1 898087 e 


3025 
To this Rani 3025, I point and bring Jews the laſt "Fi 
gure 2 of the Dividend, which makes it 30252 z then proceeding 
in all reſpetts as before, I find the — Figure to be 4, with 
it I multiply the Divi ſor, ſetting down and ſub Oe their Fre. 
duc as before, and then the Work will 


Ar © FRus 2303 9-N0aPEIgnR (TROP s:: * . 
| 5294 kong. | 
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1— Here as Work is 3 and od 1. wn: 61 7 78 43 
or being the true . — the e "agent 90 6 
EC ne, Page 18. ; 2 1 
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That is, 7563 is contained in 390624922 juſt 58094 times, Ec. 
If the Work of this Example be conſidered and compared 
Wich the Rule {Page 22.) the whole Buſineſs of Diviſion will 

be eaſy; for indeed the only Difficulty, as I ſaid before, lies in 

making choice of a true Quotient Figure, which cannot well be 
done according to the common Method of Diviſon without 

Trials, yet thoſe Trials need not be made with the whole Di- 

viſor, (as appears by this laſt Example) for by the two firſt Fi- 

. gures of the Diviſor all the reſt are generally regulated; except 
the ſecond Figure chance to be 2, 3, or 4, and at the ſame time 
the third Figure be 7, 8, or 9, then indeed Reſpe& muſt be had 

- + to the third Figure, according as the Rule directss. -& 

© However, if thoſe Trials are thought too troublefome, they 
may be avoided, and the ſame Quotient Figure may both eaſily 
and certainly be found by help of ſuch a ſmall Table made of 
the Diviſor, as was of the Multiplicand in Page 20. 


1 - EXAMPLE 4 |. 


Let it be required to divide 70251807402 by 79863. See the 
+ Example of Multiplication, Page 20, and as there directed make a 
Table of the Diviſor 79863, IP 8 
Di ſer. Dividend. Quotient. 
IA 79863) 70251807402 (579554, 2 ; 
59726 638904. The Work of this Operation 


3 


239599 "626140 l preſume may be eaſily under- 

2 43194532 55904 1 ſtood. For thoſe Figures in the 
. 991 — — Table are the Produf# of the Di- 
Wo 79178 128780 viſor into all the 9 Figures; 


71559041 AFL. conſequently thoſe Figures in the 
| 638904 522304 ſmall Column do ſhew what Fi- 
718767, __ 479178 +} gure4s to be placed in the Que- 


— 


4 . '® tient, without any doubtſul Tri- 
x BA I | 399315 als of the Diviſer, with the Di. 


8 vidend, as before. a 
he 319452 " 


This Method'of Tallating the Divi/or may be of good Uſe 
to a Learner; Spee he is well practiſed in Diviſion ; 
_ yea, and even then if the er be large, and a „ e of, 
many Figure: be required, "as I beſolving of high Fquations, 
_— and calculating of Aſftronomgcal Tables, or thoſe of Intereſt, (gc. 
wer 


FR — 
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8 
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ſion. e | 
Hitherto I have made choice of Examples wherein the Divi- 
dend is truly meaſured or divided off by the Diviſor, without 
leaving any Remarnder, being exaQl compoſed of the Divi/or. 
and Quotient. But it moſt-uſually falls out, that the Diver 
will not exactly meaſure the Dividend; in which Cale the Re 
mainder (after Diviſion is ended) muſt be ſet over the Diviſar 
wal a ſmall Line betwixt them adjoining to the Quotient, | 


; EX AMP L E ;. 1 
8 it were required to divide 379 by 5. 


5) 379 Cf de Beitr eee 
35 ** n 4 37 . * 
25 „ | * 
Remain- (4) r n . * 
8 EXAMPLE 6. c | 
Again, Let it be required to divide 43789 by 67. 


67) 43789 (653## the true 7. 2785 required. 
402+ . "498 . 


.* is 0 
- 
$50 4 72 
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353 | : 
A | 


239 | ; 9 - SN 

201 Pg Ry | OE 
* Remains (38) 
Hor / ſuch Remainders thus 3 over their Die (wh = 

are indeed Vulgar Frafions) may be otherwiſe managed, mall 

be ſhewed farther on. 2 
N. B. When the Diviſor happens 10 be an Unit, viz. 8 „ 

2 Cypber or Cypbers annexed to it, as 10, 100, 1000, c. Diviny 

ion is truly performed by cutting off with a Point or Coma 

many Figures of the Dividend as there are Cypbers in the 

then are thoſe Figures ſo cut off tobe accounted a Remainds 

the reſt of the Figures in the Dividend will be the tru 1 

"0 e an Unit or 1 doth neither e divide. 1 


ENT E ts bo 
Let tbe roguird to ade 57842 by 100. The Wod amy 


ſtand thus, 100) Quotient required ; or thus, . * 
100) $7842 (578708 the Wi befor, ö 


\ | ä 


ee L 


Te it — that if any Divifer 1 ng 8 to the 
Right hand of it, you may cut off ſo many of the laſt Figures 
= - in the Dividend, and divide the other Figures of the Dividend, 
by thoſe Figurer of the Diviſer that are left when the Cyphers 
= - arc omitted. But when D.viſon is ended, thoſe Cypbers ſo 
=—_ . omitted in the Diviſer, and the Figures cut off inthe Dividend, 
re both to be reſtored to their own Places. 


„ EXAMPLE 8. 
ret ir were required to divide 675469 by 5490. 


#247 » ks 


5490) 675499 (125 
"og | r 


274 | 8 3 p 
270 Ae 8, 
ai, (0) But the true Remainder is a6. 
| _ Tonlequently the true Quotient is 1257453. 
As to the Manner of proving the Truth of any Operation, ei- 
| ths i in Multiplication or Diviſion, I preſume it may be eaſily _ 
* amderſtood, by what is delivered in Page 21, compared with the 
three firſt Examples of Diviſion; for from thence it will be eaſy - 
to concave, that if the Diviſer and Quotient be multiplied *. 
ther, their Produd? (with what remains after Diviſi on | 
added to that ProduF) will be equal to the Dividend. 
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1 9 
1 > 
_ 9 
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fifth Example, where the Dividend is 379, the Diviſar is 5% the”. 
Quotient is 75, and the Remainder is bs. 

I . 2 to which =; the Remainder 4- it will be 
379 


$3, and the Remainder is 38. 


WM EE and ug, dare the Divi. 
: Thurs he ſeveral uſeful ContraBions both in Diviſion and Mul- 


5 5 plication, which 7 have purpoſely omitted until I come to treat 

=_ _-zf Decimal Arithmetick. Alſo I have omitted the Buſineſs of 
= 2 Foolution or extraQting of 2 until further HL and ſo ſhall 
_— -coriclude this Chapter Git fo Examples of Diviſien eawrought - 
—_ Nr OY 9 7 
1 „ | 5191 
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, 4 
x I 
\ oa ol 4 * 
1 114 
b 2 7 : 7 Of 
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From one Denomination to another; - - 


_—— 
48= I 2==18. Shilling. 


* FX -. 
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Meat gathered out of the Middle of the Ear; and being 
dried, 32 of them were to make one Penny Weight, 20 Penny © 


one Pound Troy. - Vitle-Sta- . | 


. 
2 
af . 
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F a— 
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AE ont | $2 
d 9 * nr. a6 " A ab * 7 
* > PEAS. + 3, » * "1 8 | 
7 4 K . 3, 2 * * ; > 
- | # 
Ce ht ures, 
J 
Weights, 


> + $79). 43500771 (75649." 
_ . Or, 75649) 43800771 ( 50. 
a 45007) 23884044718 (530674. 
Or 53067) 23884044718 (48. 
; 356) 244572000 |(687000. 
59500) 57659066400 (96434. 
1̃00 00) 679543820000 (67954382. 
175979) 282016 (356973. 
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1 0 | by | 7 Ii. SD = * 25 
Uncerning Abpiriox and Suss TRACTION of Numbers 


of different Denominations, and bow. 10 reduce hens 
S 


pus leaſt Piece of Money uſed in England is a N 


| and from thence ariſeth the reſt, as in this Table. 97 5 
 Farth. by 
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8 4 10s. is an An 
And gel. 
> gn. 22. 2 ND” "+ 67. Sd. a Noble. 
960=240=20 11. Pound Sterling. \>13s. 44. a Mark, 


„Nate, When J. 7. 4. f. are placed over (or to the Right-hand 


) Numbers, they denote thoſe Numbers to ſignify Poutds, 


| 2 7 TS, and Fartbings. ; 1 
5 1. wy 
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35 10 6. 3. Or 35). 10. 61. Either of 
ſignify 35 Pounds, 10 Shillings, 6 Pence, 2 Farthinge, * 
The ſame muſt be underſtood of all the following (rm 


belonging to their reſpective Tables, viz, Of Mig Mi 


2 KT 


fures, & c. . 


et 2. Troy Wei be. 3 wo 
© The Original of all Weights aſed in England, was a Ok o 
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Weight one Ounce, and 12 Ounces 
tute; ef 51 Hen, III. 31 I. 12 Hen, VI. 
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1. Of Englim Ce. 
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SH 


br * 
=> C2» 
* 
__ 
„a he 
5" Lo 4 p 
- 
# yz ® 
« . 
us * 
8 


_ 


- 


0 
” 
1 
C 


* DS] be! 8 * 
FL * I — | =P — 8 N * 
LENT a 5 
| 99 
* ch. 3 


But i in 8 Times it was thought ſufficient to divide the 
l Penny Weight into 24 equal "Parts, called Grains, 
being the leaſt Weight now in common Uſe ; ; and ee pl thence 
dee reſt is 5 as in this Table. 


. Gr. Grain. Hi : A IN 5 1 By Troy Weight a 
_-. 2 1 P. V. Penny Weight. 8 hed ewels, Gold, 
_ 5 = : ” 480= 20= 102. Ounce. , ES 2 Filder, νn, Bread, 
_ © $760=240=12=1 15 Pound. Cand all Liquors. 
Beſides the common Divi fun of T roy 1 eight, I findi in Anglia 


=  Notitia, or, The preſent State of England, og in the Year 
41685660, that the Moneyers {4 as 12 * calls them) do ſubdivide | 
IS "Ne rain. IA 


= F OR 5 ng 4 C24 1 Periot. ; Y 
. . ESE a Thus 2 20 Periotc I Dreoiteee. 


=”. 1 24 Droits=1 Mite, 
ECTS >. v20 Mites=1 Grain, &. as before. 


85 3. Apotbecaries W vights. 4 
The Apothecaries divide a Found . As in this Ti "IE. 


— N 
LY - * — * * ng 8 * 
5 n A 0 * 
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* y — N 
2 — — 4 * 


| 2 Grain. "3 Wh 
| 20= ' I 8 Seruple . 5 * | e . > "at 
r 3 21 5 Dram 2 55 3 4 


* 210 5 Ounce 1 he 
 $T60=288=96=12 1 12 1 tb Troy, the fame as before. n 


By theſe Weights the Apotheraries compacind their Medicines: 5 
1 but buy and and ſell their Drugs by ane 9 | 
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When Auer dupois Weight became firſt in Uſe, or by SL 
6 was firſt ſettled, I cannot find out in the Statute Books; but on 
the contrary, I find that there ſhould be but one Weight {and one 

OS. 7 4 ho J uſed throughout this Realm, viz. that of Troy, (Vide 

4 III. and 17 £9. III.) So that it ſeetns (to me) to be firſt 

introduced by Chance, and ſettled by Cuſtom, viz. from giving 
5 or large Weight to thoſe Commodities uſually weighed. 

it, which are ack as are wu tes 25 77 0. or 
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4. Averdupois Weight. 
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2 Of Weights; Meaft 8 > "I Y 
very ſubject to waſte; as all Kind of Grocery Wares: And © = 
Pifth, Tar, Rofm, Wax, Tallow, Flax, Hemp, &c. Copper, Tin, © 
Steel, Iron, Lead, &c. © Alſo Fleſh, Butter, Cheeſe, Salt, c. 
To theſe and the like, I preſume, it was thought-comvenjent to&© © 
allow a greater Weight than the Laws had provided, which |. 
happened to be about a ſixth Part more: For I found by a very ©. 
nice Experiment, that one Pound Averdupais is equal to-14 
Ounces, 11 Penny Weight, and 151 Grains Troy. And its © 
now computed as in the following Table. 
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5 1 | ; n Meaſure. 3 ff: OR 
a As the leaſt Part of Weight came at firſt from a Wheat Cn, 
_ fo lit is generally faid) the leaſt Part of a Long Meaſure was at 
firſt a Barley Corn, taken out of the Middle of the Ear, and 
being well dried, three of them in Length were to make one 
Inch ; and thence the reſt, as in this Table. 
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| N 3 
Mote, That forty Statute Poles, or Ferebes, in Length, and 
f four in Breadth, do make a Statute Here of Land. _ 
w' | That is, 220 Yards, multiplied into 22 Tard. 4840 fquare 
YN. - Nard#are a Statute Acre. I - - 
ne And according to the Tranſactions of the French Academy, = 
de Anno 1689, a Paris Foot Royal is=12,8 Inches EnglifÞ; Six of + A 
rſt il thoſe Feet make a Toi/e; and 57060: Taiſet=365184 Engliſh 
nn Feet, are the Meaſure of one Degree of a'great Circle upon the 
ed Surface of the Earth. So that one Degree is 69 Miles and 288 
or Yards, which is very near to our Country- man Mr. Marge  -. 
ry. Experiment made betwixt London and York," Arno 1633 0 

#\ found that 301396 Feetzz69 Ar. 958 Yards do _ a 
4. 2 * * LY * . 7 7 & ; 'egree. 45 x J 
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"Des egree. "Ando not 4 2 Miler, 3 9 to the common received 


| Opinion and Practice of the Navigators or Seamen. 


Hence, according to the French Account, the Circamſerence 6 
of the Earth 22 it to. be a true N * is 2 


FF | 
+All I Meafurer of Capacity, both Liquid and Bey, were at Fs 


made from Troy Weight, Vide Statutes g H. III. 51 H. III. 12 
H. VII. Sc. wherein it is enactedʒ that eight Pound Troy Weight, 


of M beat, gathered out of the Middle of the Ear, and well dried, 
ſhould make one Gallon of Wine Meaſure: And that there ſhould 


be but one Meaſure for Wine, Ale, and Corn, throughout this 
Realm, (Vid. Stat. 14 Edw. III. 15 Rich. II.) But Time and 
* . Cuſtom bave altered Meaſures, as they have done Weights + 
Perhaps for one and the ſame Reaſon) for now we have three 


different Meaſures, viz. one for Wine, one for Ae or Beer, and, . 
one for Corn. 


I have inſerted Tables of each. as they are now computed Ig 
; £56 Inches, and practiſed in the Art o Gauging, Acc. 


The common Wine Gallon ſealed at Guild-hall in . ; by 
mich all Wines, Brandies, Spirits, Strong- waters, Mead, Perry, 
yder, Vinegar, Oil, and Honey, &c. are meaſured and ſold; is 


ſuppoſed. to contain 231 Cubick Inches, and _ thence: Us reſt 


, | = 194042 8422 =1}=1 IP Pe how. n + 1 
EE” -  Sgt06=126=3'=2 =11=1 Butt of Pigs. 2 > Ve 


made of Braſs. m Form 
Baſe was 4 Inaben, and its Depth 14 Inches; ſo that it's juſt Con- 
tent was 224 Cubick Inches. This Veſſel was produced at Guild-.. 
Hall ig London {May 25. 1688.) before the Lard-Mayer, the 


ä of _ 2 Revd, ” AF 18 1 2 


are . as bs 1850 pi N 


1 Cabich lade, Ws Oe 1 C18=1 Rl, and 
_ — 2 * Wie, 4314 makes a Wine 
_ „„ ij Fg or "535 48 
Noz r Tee. II. 
14553= 63=13=3 r ol „„ I Op * 


$8212=252=6 mL =2=1, Tan. | 


But Dr. Wybard i in bla 'TeQometry, he 289, doth ſuppoſe 
the Wine Gallon. to contain but 224, or 225 Cubick Inches at 


the moſt, and purſuant to this Account an Experiment was made 
by Mr. Richard Walker, and Mr. Philip Shales, two, General 
"Officers in the Exciſe. They cauſed a Veſſel to be very e 

1 a Parallopipedon, each Side of its 
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Mr. Halley, and ſeveral other ingenious Gentlemen, in hefe 
Preſence Mr. Shales did exactly fill the aforeſdid braten Ven! 
with clear Water, and very carefully emptied it into the de 
Standard Wine Gallon kept in Guild-ball, which did fo eG = 


-= 
a 
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K. 
bs, 
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fill it, that all then preſent were fully ſatisfied the Mn Gallon = 
doth contain but 224 Cubic Inches. {This notable Experiment 1 © 
ſau tried.) However, for ſeveral Reaſons, it was at that Time "= 
thought convenient to continue the former ſuppoſed Content of - 9 
231 Cubick Inches to be the Mine Gallen, and that all Computa⸗ | 
tions in Gauging ſhould. be made from thence, as above. N 
The Beer or Ale Gallon (Which are both one); is much larger 
than the Mine Gallon; it being (as I preſume) made at firſt to 
correſpond with Averdupois Weight, as the Wine Gallen did with 
Trey Weight : For (as I ſaid before, Sage 33.) one Paund: Aver= | 
dupois is equal to 14 Ounces 12 Penny Wick, Tray, very nears. - "x 
And, as one Pound Troy is in proportion to the Cubick Inches. _ 
| in a-Wine Gallon, fo is one Pound: Averdupois to the Cubick 
5 Inches in an Ale Gallon, That is, 12: 231 :: 1443 * 28153, %% 


5 near the Cubick Inches contained in an Ale Gallon, as appear M0 
y from an Experiment made by one Nicholas Gunts/s General 1 
Ys Gauger in the Exciſe, about 41 Years ago, who, by ſuch a Ve 1 
is mentioned befote-1n._ the laſt Page, did find the Standard „ 
ſt Quart (kept in the Exchequer, Vid. 12 Car. II) to contain jut 
be 704 Cubick Inches, conſequently the Ale Galla muſt. contain + --- Xx 

282 Cubick: Inebes, and from thence the following Tablet are 


d computed. We 
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y . 24382. 1 Gallon. *, | F 
ta 2338 g=1 Firkin. 
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N. f * B. T bie « Pidinsion or Bieter betwixt Ale and Beer 
D Mes ure, e only uſed in London. But in all other Places \ 
113 ngland, the following Table of Beer or Ale, whether it be t 
1 10 or ſmall, is to be ee, en to a Rane of . 
Ne made in the Year . n ar | 
_ = We Cubic Ich. e ien 80 : 
= . . Gall. 'F eee {fon 
= . ws 5. 2397 = i Fithin.. — , ð v ĩ ©: 0 Lap ' 
1 5 n 4 4794= =17=2553 abba. ** oh, N 3 . ; : i 
—_— 95888 =34=4=2=1 Bat Barrel. 3 1 
AA 
_— „ Of Dry Meaſur. 
Dia mages i is different both from Wine and Me Moles, 


—_ bei as it were a Mean betwixt both, tho' not exactly ſo; 
=. which upon Examination I find to be in Proportion to the afore- 
aid old Standard Wine Gallon, as Averdupois Weight is to Troy © 

SS *— That is, As one Pound Troy is to one Pound Averdu- 

ir, fois the Cubick Inc bes contained in the old Wine Gallon - 
the Cubick Inches contained in the Dry or Corn Callon. 
F 2 : 145% 224 42722, which is very near to 2723». 
. common received Content of a Corn Gallon : Altho" now it 
otherwiſe ſettled by an Act of Parliament made in April 1697s, "y 

* the Words of that Act are theſe : 
doe round Buſhel with 4 plain and even Bottom, being made 
_ vt Inches and a half wide throughout, and eight ikthes deep, 

_—_ u!d be eftcemed. a legal Wincheſter Buſhel, according ts the. 

. Venere In his Majeſty's Exchequer. | 

New a Veſſel being thus made will contain 21 30742 Cubick 


Inches, conſequently. the Corn Gallen onthe > contain but 268+ 
i aches. © e 
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$37 ,0== 2="1 Peck. 41% Werr=a Loft of 
2150,4= 8 4=1 I Babbel. 14 27 14 k * | 


17203 ,2=64=j2=8=1 Zuarter, _ „ 
I obſerved amongſt the ge in  Dertubirty Anne 


1692) that the Miners bought and ſold their Lead Ore, by a 
Meaſure which they called an Ore Dis 1 5 Dien 1 ( 


Ae Wo, and niir , 
A 5 Length 21.3. 0 1 75 I - i 
90 | Thus Breadth. 6. „ Incher, © 4 
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2 28 x * 


a Year being the Standard or Integer, by which ſuch Continuance 
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Time of itſelf is nothing, but from Thought 
Rectives its Riſe, by labouring Fancy wrought 
From Things conſider' d, whilftigve think an ſome 

As preſent, ſome as paſt, or yet to come. 


— 


No Thought can think on Time, bat“, till confeſl, % * 
But thinks on Things in Motion or at Re. #6 
* . 28 ; — 5 4 2 OY Oy 


And ſo on, Vide Lucretiur, Book I. IJ. 
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* * 


That is, Time only ſhews the Duration or Mutation of Things; 6: 
or Change is computed, And a Year is that Space of Time-in 
hich the Sun (apparently) compleats its Revolution from ang 
ne Point in the FEcliptick (an imaginary Circle in the Heavens} >» 8 
to the ſame Point again, which, according to modern Obſerva- . 


Time that can be truly meaſured by the Motion of any mechani- 
cal W as a Clock, & c. (a Third being leſs than the T in 8 


ling of an Eye) I begin the following Table, with Seconds, 4 
3 e , | Ns 
D Minute.” | „ 
350  6o=1 Fe Hour... | $a <A 2 ; q ww 
"64002 1400 24? 2. "Mo 1 
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1 1 ws - 2 
31556937=525948=8765=365-+ ASI Tear, railed's : "I 
2% Fo £09 ©. 8 15.68» ee 
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But the common Year, uſually called the Julian Tear, doth.” - MM 
conſiſt of 365 Days and 6 Hours, and is divided into twee 
unequal Months, called Kalendar Months, whoſe Names ant 
Number, of Day: are the Subject of every Amana ck. 
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** , my 


70 weite 7 7 ables it ay: not be amiſs to give a brief Account 
.. of ſuch Coins, Weights, and Meaſures, as are frequently men- 
=_— toned in the Scriptures. As I have-deduced them from thoſe 
wich ſeem to be the moſt correct, inſerted in the Index to the 

| karge Bible, printed Anno 170, and compared with thoſe uſed 
mn 9 of the oy Biſhop of Ter One | 


= -  Tro W eight. 
g 1 3 Hebrew ag; 5 with tos. Oz. 25 Ru. Gro ins.. 
_ FS: fr 1 6 20 450, KS 
—_— e 10 Gerabs=a Belab- O. 4 134 
—_ 2 Bekghi=a Shekel=| 0. 9. 3 
—_ . 100 Shael=a Menab=|.45 12. 12 
8 vn, A Shekel is ſaid to be their Is Weight. 1 


* heit Coin 1 1 1% Coin. 


ET, d. 5 
ABT aber Menab= n "Weight 60 Shekels.. 
"Talent of Silver=] 1357 . 11 . 105 Weight 3000 Shekelr. 


wy Guld Draa 4315-1. 0 fg tioned Ex. xxv. 39. 
The Roman Meney ade in the New Te e » 
222 or Silver Penny= 19. 3 Fartbings. 


IPO of - Copper=o. . 3: Farthings, 4 
AAariumso . 14 Fartbing. N 
7 Fe „eee 3 of a {er Rs | 
1 * . 4 Mite=q a 35 of a Feribing. "DP 
*. 
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1 Finger's Breadth=\| . . o,g12 
3 34 r Hand Breadth=| O. = 3648 
F 2 Hands=ethe leaft Spun o. 1174296 
63 Hands Breadth=the longeſt Span o. O 10,944 
2 pant ibe hngeft Cubit o. 4 . 9,888 


10 en 4 Cubits=a Fathom= 2. 35 
1 "RF 6. Cubits=EzekieÞ's Reed 9 3. * 4 
1 400 Cubits=aStadium= 243 0. %%% 


10 Stadiums==a 2 2432.10 . 0 
3 Mile Paraſang=17296. ©. 0 
Which) ls 8 WOE! Miles and] * 2323 
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Engliſh, Wine. | 
Their i ſr of Capacity — wi Gal. Piate, Inch, = 


| * BM "Oe" _ A Copano © 0h 7% 
K gm A Legs o. 0s. 9,83s3ßñ 
N Ni 4 Legi ok 0 3 110,46 1 
| 10 Colylu's=an Omer 0.6 1, xxx 
| 3 Cab d Hin I” 2.3% Bah: * + W l 
| e 0 2 Hing=a 8eab* | 2. Ser 2 25 
— * 1 3 Seab=an Bb 7 4 155 
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The foregoing Tables being ſo well underſtood, as that you cn 
really tell, without pauſing, how many-Units of any one Deno- 
mination, do make one of the next ſuperior Denomination e 72 | 
cially in thoſe Tables which are moſt uſeful for your Buſineſs) it 
will then be as eaſy to add or ſubſtraf them, as to add or . 8 
tract whole Numbers, due Care being taken in placing all Nun- 
7 bers that are of one Denomination exactly underneath each others 
That is to ſay, in Money, plate Pounds under Pounds, Shillings 
* under Sbillinge, Pence under Pence, & c. Underſtand the like 
» in Weights and Meaſures, &. according to their ſeveral 
: api - Then | in Addition obſerve this Rule. PRICEY. 


. „ 
„„ eoks 1 uh = 
3 — with thoſe Figures of the loweſt or leaft 3 | 
' mination, and add them all together into one Sum, then: c9 
how many of the next ſuperior Denomination. are contained in that 
Sum, ſo many Units you muft carry to the ſaid next ſuperior Deno- * 
mination to be added together with thoſe Figures that fand L 
there; and if any thing remain over or above thoſe Units Jo car=" 
ried, t that Overplus muſt be ſet down underneath its own D 
mination : And ſ proceed on feam one Damen to another 3 
until 2 be ini ſbad. | 3 : 3 
Example in Coin. * 
Let; it be required to add 35). 145. 06d, and 21, 025, rod. _.. 
04d. and 10l. 17s. ogd. into one Sum, 
be 552 icular Sum being — as before difeQed, will 
ſtand as in the Margin following. =_ 
Then according to the Nule, I Gin with the Pence (being 3 
here the loweſt or leaſt Denomination) and adding them all to- a 
gathers I find their dum to be why ads 26. age. {for 2 -- == 
1 * : * | 25 * hy 1 * 3 
£ 3 1 „ * | = 
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a "yo the Ws 1 ſet down oder .. . 

neath its own Denomination, and carry the 27. 35 14. 06 

to the Place of Shillings, «adding them and all 27. O2. 10 

the Sbillings together, I find the Sum to be 485. 54. 13 . 04 
2. 21. 87. 1 ſet dewn the 87. underneath 420 8 917 og 

1 own Place of Shillings, and carry the. 21. — 

to the Place of Pounds, adding them and all the 1 28. . o8 0 

- "Pounds together, I find their Sum is 128“. con- 

"Din ently the Total Sum required is 128]. oBs. ogd. © | 
4 for as much as it often happens in keeping Books of 

Account, (and in other Buſineſs) that it is required to add up 

large Sums of Money, conſiſting of 30, 40, or more ſeveral par- 
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=_ -- ticular Sumt, nay, perhaps filling up the whole Length of a Sheet 
bo = © © , of Paper, L humbly conceive in thoſe Caſes the beſt and eaſieſt | 
_ Way will be to part them into Parcels, not exceeding above | 
| 10 or 12 particular Sums in each Parcel; that done, add toge- 
- - ther all the Sums of thoſe Parcels into one Sum, and that will 
de the Total Sum required. 's 
3 Alſo to avoid the making of Plints, or otlier Marks eig 94 
ur Figurel, it will be convenient to get the DE: —_ 
0 18 8 5 "8g | 
» ö 188 *. | — . 
"The Pence. Table. Sts Ws Te Shilling Table. 1 
— — — — 1. — — — 1 
—_—_ . - 4 ao 8 * „„ ĩ ͤ obagatrF: 2 
112 3 ao „ r 
_—_ * 2 84 J 2 1. 7 i 
; — $5, 96. 8 d 8 
— 8 108. 9 | „ 90 1802 9 5 
1e * 200100 


25 To oh 
_ * 4 The Uſe of 1 Tables \ s ſo obvious that 1 preſume it 4s 
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2 * 4 Examples in Addition 94 wer, he i 


Be Weight. Sn PG ee Wight,” - 

= Ib. Oz. Pu. Er. | 5 + Þ otic C. 2. lb. os. 5 
= * % AZ. 15 25 245008 D 
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Sobeieadten er Weiche 


' | Eromples in Addition of long Meaſure. 


a med. Qer. Mad, Miles. Far, Foln, Tad. gut, # 
pa 3 „ ae „ 32 4 42 * | 
R „ „ eee , 
—— 5 BL Se DYE: « 12 
| 162 3 Sum 5 ny 19 2 3 8983 
[ think it 415 to ſet down more Examples of this Kind. 
for if theſe 5, ew bs the laſt, will be underſtood, Mi will 

- be ſufficient to how any other may be * | 

| , Sec. 7 Subs rn Aerion of Weights; W.. I 
$ N UbſtraQion is but the Converſe of the precedent W ork, | 
>. and may be ee by obſerving this 13 27 al 

} 23 Ui... TO 
f I with the loweſt or leaſt Denomination, as ba 5 * 

x Addition, and take or ſubſtract the Figure, or Figures, in that 

+ Place of the Subtrahend, from the Figure or Figures, that ſtand 3 

| over them of the ſame Denomination; ſetting down the Remaini= 8 
the der (as in page 12.) But if that cannot be done, then youmuſt - » x 

increaſe the upper Figure or Figures, with one of the next ſu- 

2 perior Denomination, and from that Sum make Subſtraction z; 
* and ſo proceed to the next ſuperior Denomination, where you __ -k 
' muſt pay the one borrowed, by adding Unity to the Subtrahend 1 
N in that Place, c. as in whole 22 MP „ _ 
. „ K „ 2 "= 
me rom 386 . 09 . — ; From 569 10. 06 „ 
1s 5 173. 04 6 _ Subt. 39 ROE o8 7 3 
wy. — — | NE. "== 
5 — 213. 0 02 . 179 16 % * 


= | "The firſt of theſe Examples is ſelf-evident. In the ſecond Bits. © 1 F 
TY ample, beginning at the Place of Pence, being hete the leaſt De= _ 
TY nomination, I am to take gd. from 6d. but becauſe that cannot 2 4 

de done, I muſt, according to the Rule, borrow one of the ner _ 
Fs Denomination, viz. 1s. and add it to the 6d. which makes it 184. | 
go” (for FRI 2d. and 12+6d.=18g.) then I take 8d. from that 
r 189. and there remains rod. to be ſet down underneath the Place 
* * — that done, I proceed to the Place of Shillings, vhete L 3 7 
by abe the 11. ſaying one borrowed and ig; makes 16 fm 

= | 10 ou but Eo dere revue 55 W bi 

es =. 2 G TVs | 5 *Y 


* 
1 
55 


. one f the next Denomination, viz, 1. a add to it 

| the 10% which makes it 305. (for 1. 20. and '20-H10=30) 
+ having ſet down the remaining 147. underneath its own Place of 
 Shillings, I proceed to the Place of Pounds, where paying the 11. 
_ borrowed, it will be 1 borrowed and g is 10 from 9 cannot be, 
Hut 10 from 19 and there remains 9, and ſo on as in whole 
8 untif all be finiſhed; and the Remainder will be 


1791 . 145. 10d. | 
is Example being | a little PI vill render = others 
in this Rule you 
OI mY Examples in Weight. | on 
Tro W, eight.  _  » Averdupojs | 7 * 1 
1 . fret. eee e 
From e 8 
eee 15 4 - 31812 
4-00-1720 to 2.2 24-14, 


Examples i in long 8 Pigs 
Fail gri. nails mils far. 5 — 34. feet inebes. 
Prem J Wo £5 ee Bs 


* 29 · 3 5 "18.6. 4 &; 7440-00 
; "Rel l «3. 3 N : ASE his 3 > 3 v0. 
. 3 : | Example in Tine : 


SubſtraQ 16 21 46 . 36. 


- Remains 10 8 48- 45 


| The Proof of Addition ard SubfiraQion i in theſe Numbers of | 
different Denominations, is the very ſame with that of whole 

* Nambers in page 13. I ſhall therefore refer you to that LR 
_ omit RAY it Mer. | 


"6 


— 


* 


* 3 { 


Ses. 9. 4. Of 1 Revvevion. FRA TAS 


-*; 5 N o 1 4 


Y RedouRion, Nuvnbers of different Denominations are 
3 brought into one Denomination. | + 
_— ___'Thatis, it alters or changes a fuperior Depeininatign 

_ 18885 wi gs inferior or _ ion required; 25 


= 
* 
2 PF l > 
vo z . 
4 "Fr" . % 
: : X . * 
y i l a — 
Hg . » 
' o & l l ' 4 - 
r * * 200 * 
4 24 * 
* * 1 - * 
5 
* 


G 3. Of Reduaith® 2 


keeping them equivalent in Value. And by that Lia 5 . 


will be che . ee required. 


3 357 
Multiply with 20 the Shilligs in one Pound. 


Multiply with 12 the Pence in one . | 'S YL 
1428 ce 1 <2 
714 I 43 6. 


you muſt reduce the higheſt or greateſt Denomination to * = 


. 2 N YEH TH 


6 


become fitly prepared for Multiplication and Divifion; hi 
otherwiſe could not ſo conveniently-be performed. Therefore 
the Buſineſs of Reduction is very uſeful in the Rule of Propor -- 
tion, commonly called the Golden Rule, or Rule of Threeg e. 
pecially to thoſe Who do not underſtand either . or * > I 
cimal Fractions: And it is thus performed. | Fr 
e 

Conſider how many Units of the Denomination required, make ' 
one of that Denomination propoſed to be reduced, which is ca- 
ſily known by its reſpective Table, and with that Number of 
Units, multiply the 8 88 and 1 . | 


F Example in Coin. 
Loet it be required to reduce or change 3571. into Shillings, 


and thoſe Shillings into Pence, which ſhall ſtill be 2 in Va- 


lue with the 3577. - 


# 7 
6 | 8 


— . acl 


7140 the Shillings in 3577. 


— — 


85680= * pence i in . as was required, 

Or 3571. may be reduced into Pence, at one e Operation Thie. My 
3574. 

OY with 4465 the Pence e in one Pound. 


; 9 k A 8 „ > &*- Date ; 1 
7¹⁴ | N - ; * x 1 *. 1 * 
; ; . | 2 2 8 4 
15 * 
85680 = the Pence in, 3471 as bels E 4 


" But when the Nunibers propoſed to be-reduced are of beer. 
Denominations, and it is required to bring them all to the loweſt; 


next leſs, adding the Numbers that are of that leſs Denomination . 
together, then reduce their Sum tothe next lower Denomina- 
tion, adding together all the Numbers that are of that Deno-. 


mination, and ſo 9 7 on unti all is done. 3 
8 2 EX. 


1 5 . k P 2 Ts ES | | 

A N * Meg > £ RY — 852 55 op 
- oY al. 

3 %o ʃ a 
1 | + PF it t be required to reduce 3751. 210 106, 394k into. one 

| Denomination viz. into Farthings. © „ 

43 g £ 278ʃ. Los ( 0) VS | 
20 „ | 
_- soo the Shillings in 375k” ne „ þ 
C. 3 3 | os „ | . 4 
—_ 7517= the Shilling in 375“. 175% - . 

R „„ ns, WH 5 | 

2F 2 5 7 8 * 3 | | & | 
—_- = e TAL a „ : 
: E- Fs | 5 x. 7517 | : | * | 5 5 N . 

=: Bose the Pencein 375k 174. , 1 ; J 
—_— FRM Ig Pence in 3754. 17s. 104. 


* 1 


5 ere the Farting in 185 171 We 
POO og OW . m TNT re” 


3 3 .v 


LF. 360859 Farthing==375/ 171. 104 37 as was required. EE 


- The Work of this Example, and all other Operations of this . 
"Kind, may' be ſomewhat ſhortned by mane ad the following, 
Method. 285 | 5 * 
„ 3750 177. 10d. 39. F | 

WF NG ate Mee umu. . 


— nmr 3 5 


. 12 * Moltiply and add in the 100% | . 
. & 5 r | | : f ; 


2 5 x | 4 15034 | "; 8 f of 
Fe 3 ASE" 1 * ” ? ' : 
EW wi i 
/ — { , 7 5 
35„** * ; x — 4 ; ; 
rey * > * | * *. — ? i 3 4 4 £4 4 , * 2 4 | _ 
. 90214 | | | 
8 N EN N : oy 4 4 Multiply | . In 7. 1 1 . 
* 


400839 r ee ET 


—_— TS it be nw reduce 291 ge 18 pu. 21 gr. 
. che leaſt (RES vx. into Grains, 8 "> | 


. 


MLA. io AM 


* 
N "Fr * 
2 2 
ht l 
# N 
A 
* 


. EOS: Boz, 1 21 fr 


ä 1 4 
Multiply with -- 12 the, in x and 4d the Bo £ ey | 
29 8 8 J: " i * | N „ | | 
W , 5 N 1 1 
Math ma 20 the falt. in 1 e. and add in the 18 pw. 4 
20 ; he ate, in 29 lb. 8 oz. 18 Pot. _ 4 
Multiply with a, 1 the Grains in 1 1 and odd 8 21 r. 


: 28553 * 
14278 on | 


171333 whe en Bos. 18 pot. 21 gy. | 


Theſe two Examples at large being well underſtood, may 
ſuffice to ſhew-how all Operations of this Kind are performed; 
either in Weights, Meaſures, or Time. I ſhall only inſert a a 
few by ago 9 of each Sort for the ank $ Wach, - 
1. In 23 C. s, 21 lb. 3 is Weight; How 
many Dice 5 . 55 . 0 HM 
2. In 252 Engliſh Miles, How many Yards, Feet and Inches? * 
Anſwer. 443520 Yards=t 330560 Feet=15966720 Inches. 
3. In 1692 common Years, How many Days, Hours and Mi-. 
_ Anſwer. 618003 Days, 14832072 H 8 889924320 oe 
inutes. | 
Note, a common Yeah Days, 6 Hour, ſee page, 37- 
4. In 5786 Pounds, 17 Shillings, 9 Pence Sterling : How 
many Shillings, Pence and Farthings ? a 
Anſwer, 115737 aL, Pence, or $55412 Far- 
things. That 1 is, 57867. 17 94.115737. gd =I * 
. &C. 


Tze next Thing will be to ſhew how to bring Numbers en 
a leſſer to a greater Denomination, which v.Y —_ Au Ws 
. tho "Ry improperly, , 


Rivpcrion Aſcending. 


. © This Work is the Couverſe'of the laſh bak 5 decem by 
Diviſion. Thus, © 
"RULE 


Cb bars how. many of the SAL 3 one 
of the Denomination: required, and make that Number your 
Diviſors by which divide the Denomination propoſed ; 55 
. vill be the Number required >. A 2 * 


1 0 
1 \ 
: * 
7 f b < 'S - 
bw 4 * 
* 0 bo - da ® 4 
s P * 1 My is « a» 2 72 2 lads bo ? 
\ 4 / . 4 an 72 * " K 4 
A 4 898 
© S ” . p N * 3 & Is n þ 
* 1 i 1 4 | — 
by 38 j — A * 
WY £5 I * 4 _—_ "Se 
% iis 6 1 75 
„ \ * * * 
, c 2 4 * * 8 * 4 
* X 
3 $2 CS. 8 — 


5 an 


* - 
3 >» 1 * 0 — p Fe 
| . 8 ys 

13 2 PT 1 A "wu . ' F 6 5 bes Los 55 1 = . * 

* > 5 8 
. mY n 7 * * * 5 

Gy ©} pr N IF . 6%, ** 
v * MS. > 4 
. *. 28 * 1 ick. 
- . * 1 


Ke EXAMPLE. . 

- oy i ot it be required to find how many Sülz and Pounds 
are contained in 85680 Pence. Wo ; 

The Pence in 1-. are 12) 85680 (11401=85680d. 

Again the Yn in 11. are 20) 7140 957 the Anſwer 4 # 


required. 

Anotber Example in Coin. | 
How many rene, IE and Pounds; a are -contatiind in 
264859 * | | | "Ba 


7 12) Ks n \ 


n 662144 5 AY #3 2268 


— — — —_ 


\ : Fa . | | | ' — 
1 $ 5 WA 24 | 62 181 Qs xl 1 1 
f l 77 2 . | * 3 — . — — 5 ; 1 . 
19 : , "Gy 
STE ))) 


. ty — ” — puns . 

a „ Us. 5 

2 N — — — 1 , , * N 
5 19 (. 0) 4. e a 


" Remains (3)g- - { Note, The Remainder is A of the fame 
Denomination with the Dividend. 
The laſt Quotietit 27 51 together with the ſeveralRemainders, 
on the Anſwer required. 4 
% ix. 2750. 17s. 10d. 26266868. Farthings 
5 Example in Trey Weight. | 
Suppoſe i it were required to find how many pts. 02s. and. by. + | 
ate contained in 171333 Grains. | coy" [ 
20) =D-- ; 
wy 20 171333 7, (7138 pas (356 N DEE 
Z „ 16 % Rec Pa. eo 
a „„ Ki 7 116 £ bs 
pe ORE, 24 — is 
+" 4; £ Dur. — r 
. { 4 * 2 93 ; | (dex. | | ; * | 
| i SIT 19 gh 7 8 1 


5 


' EY Page L 8 
9 N * 5 25. N . % _ 
—Y of 1 * 9 2 E L 5 * 
N = . 3 * oP 8 ST 
I . n * EF) 7 A 9 1 
£ = N r n 7 by 4 
* 4 l 4 * 
- * * 2 1 7 2 & 
ww 4 
= A 


i = * WV n * 4 
5 2 ee ti tte at 
l © - mY 4 's r * „ 
3 * * _ 
2 5 
* 
. 
— 
— 


. 
5 
2 
N 
7 


1% — 

* Z 
* 

ks — 4 

Wet % « 


** 
OLT 
FY 


* ? * * 
ay e N 
* 9 n 
* * by ry \ = 
1 " 
1 > 
_ 


— 


4 


5 . + n e 
5 e E * py 75 8 | 
Anſwer, 29 lb. 8 6, 18 Pt. 21 gr. This and the r | 
Example are the Reverſe or Proof o thoſe. in Pages 43,46. | 


oo In . Ounces eee ght; my ny Poande,.. 


0. x * 6 


| Chap 3. "Of Reduin: 8 


an 14 of 5 Quarters of a Vard, is an N EI. 


ä 
_ -» 


1 


Thus 16) 42905 15601 Ib. m_ 771. (636, $45 
— r—_—_ ' — — —_— _—_ " : 4 

8. 1% 25 AO Ing > M1 yp 3 

* . L ; | I 

%% e eee 3 

—— 1 40 4 * * 7 F ; 

423 n | 1 

1 — ? Th 1 


(9) + (21) es, EN 3 9s 21b. ex. 
22 * * Inches; How many Engliſb Miles, oc. 
Anſtger, 252 Miles, e&c. As Occaſion requires. 
ere are many uſeful Queſtions may be anſwered by Help of 


Reduction only: As the changing of one Sort of Coin for ano- 


other; and comparing of one Sort of Meaſure with another, G. 
For Inſtance; Suppoſe one had 347 Rix-Dollars, at 47. 6d. C 


| per Dollar; and deſired to . how many Pounds long 


they make. 5 
347 
s A the Pence in one Dollar, wiz. 4s. 1 
1388 
1735 (20 EN —— 
2 187384 (15615. 050 3 „ 
25 1 161 Sy | | 
e 
18 1. ö ' | ( N } bo. 5 4 7 
„5 ES 1 by OW; 1 | 
Auer, 78“. 15. 6d. Sterling, awe=347 Rix-Dollars. ; | 
Due. 2. In 645 Flemiſb Ells.; How many Ells Fu * 


ote, 3 Quarters of a Yard Engliſh, make one Ell ſs 


ol erefore, 645 
3=the gr.. of a Yard in 1 Ell Flemiſs.. 


gre. in 1 Fü g 1935 (387 Engliſb Ells for the Anſwer, 

A. 3. Suppoſe a Bill of Exchange were accepted at Lon- 
don, for the Payment of gool. Sterling, forthe Value deliver'd at 
Amſterdam in Flemiſh Money at 1. 13. 6%. for 10. Sterling... 
How much Flemiſb Money was delivered at Amlerdan ;? 

. Firſt," xl; 1 3% 66.4046. the Value of one Pound Sterling 
at . 8 
Then £ 


de. eeuc N and ie much, "il | 


WE, * ? 
"AY | C5 Fa \ * * ai $400” * * 
Ye a N R 


7 9 7 4 F - 
5 4 VE ; 4 oy 1 5 __ P * . 


» = 
l E Ws 
Ne ni 
Z SIA 
z f : 4 * RI e r 
, , 75 5 . — a t 
« . — P'S : * * 2 
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(was nll ot fer | 
"SF Rr 5 „ eee 
ER > CHAR. IV. 
1 Oo voran Fxxcrions. 85 


MF Ses. 1 Nor arion. 3 N 
Freon, or broken Number, is that which 8 a 
Part or Parts of any Thing propoſed {vide page 3.) and is 


Expreſſed by two Numbers placed one above the other with a 
1 n betwixt them. 


Thins: 3 . 6 ator 


. 


— 


ebe 8 or Number placed 3 the 1 
-— - denotes how many equal Parts the Thing is ſuppoſed to be divi- 
J. dedi into (being only the Diviſor in Diviſton.) And the Nume- 
tor or Number placed above the Line, ſhews how many of thoſe 
Parts are contained in the Fraction, it being the Remainder af- 
ter Diviſion. (Cee page 29.) And theſe admit of three Diſtinc- 


tions: 
Peer or Simple, UI. 
Vi. J Improper, © . Fraions.. 
I” A proper, pure, or ſimple Fraction, is that which i is 1100 8 ; 
ain Unit. That is, it repreſents the immediate Part or Parts of 


* 3 any Thing leſs than the Whole, and therefore its N 
x . is always leſs than the Denominator. = 


EP, is one Faurth Part. L. js one 3 Me 2 
ee ber. 6 And. ö is 2 65 K . 
* improper Fraction is that which is greater than an Unit; 3 
That is, it repreſents ſome Number of Parts greater than We 
Whole Thing; and its Numerator 1 is Gaye has * the 
| Denominator. 5 
3 1 or f Or 43 Ke. 
| A compound Fraftion is a Part of a Part, conſiſting of "I 
veral Numerators and Deaominators, connected , witk | 
the Word {of I. | = 
A of 2 of 2, Ec. and are thus read, The 6 one Third of the 
three Fourths of the two Fitths of an Unit. 
8 Ape is, when a Unit {or whole Thing) is firſt divided into 
| a rae 4 Grice 
* wa 57 | Ry” VI 


95 


* 
1 Fn” 


: 


- 


9 - x I» f 4 ö 9 * 1 b 1 GY 
y Ww 44 * * * 
. : — . AS IS 4 s = 6 * E . 2 
PS | U 8 { ? : aq 8 0 is 2 4 a; ” * ; — 
” = * 3, Es - oy = 4 N 
Of Vulgar Fradtions. 
» 1. 3 3 3 u gar * 


vide into other Parts, and ſo on : Then thoſe laſt Parts are- 


Called compound Fractions, or Fractions. of Fraftions. 


_ As for Inſtance, ſuppoſe a Pound Sterling, or 20y. be the Unit 


or Whole; then is 87. the + of it, and 6, che 3; of. thoſe. two 

0 Fifths, and 27. is the 7 of thoſe three Fourths. Vix. 24.=4 of. 

Zoff of one Pound Sterling. k „„ 
| All compound Fractions 35 reduced to ſingle ones, Thus, 

f 

' Multiply al? the Numerators into one another for a Numerator, 


and all the Denominators into one another for the Denominator. 


Thus the of £ 6f + will become 39. Or 13. 


For I X 3 Xx 2==6 the Numerator, and 3Xx4X5=60 the Denominator, 


but 28 or 15 of 4 Pound Sterling is 21. As above. 

— CO - * — — E — — — 
Sec. 2. 7% ALTER or CHANGE. different FRACTIONS into 
dne Denomination retaining the ſame Values 
N order to gain a clear Underſtanding. of this SeQion, it will 

J be convenient tg premiſe this Propoſition, vig. «Tf a Num- 


eher multiplying two Numbers produce other Numbers, the c 


« Numbers produced of them fhall be in the fame Proportion 
« that the Numbers multiplied are, 19 Eucid 7. 
That is to ſay, If both the Numerator and Denominitor of 


any FraQion be equally multiplied-imto-any Number, his 


Products will retain the ſame Value with that FraQion, . 
\ | Asin theſe,» fig. Or feh- g. Or 33$=39, .. 


That is, 2 and g. Or.2 and g. Or 2 and 42 ate of the —_ 
Value in reſpe& to the Whole ar Unit. ig are of che, ſamo 


„From hence it will be eaſy to conceive how two, br mibre- 


Fractions that are of different Denothinations, may be alter*d or 
chang'd into others that ſhall have one common Pete 
- and ſtill retain the ſame Value. 


Example. Let it be required to change ? and 3/ into two other- | 
Fractions that ſhall have one common Denominatorz and yet 


9 


retain the ſame Value. 


According to the firegoing Propoſition, if 4 be equally multiplied 


_ with.7, it will become {4 vix. 4;3=14: - Again if } be equally wul-- +. 
 tiplied with 3, it will become 2 vis: Nint. And by this Means 


I have'obtained two new Fractions 34 ang g that are of one Den- 


nation, and the ſame Value with the toi ft propoſed, wit. fl 


71 


9 

and 2127. 1 1 
1 | 4+ AE. 2 „ ee 
| | 7 R * . And 


* 


inator, 


f "= 
** 2 
- o 
0 : 1 


FU : 
M4 
: . * — 8 * 4 
* a 7 — Fa 
. 
. q - * » =- 


- 
5 * . 
ö 7 2 


3 


fs 


- 


m_ * Converſe of thi 


OF. * 


5 3 "Y E13 vu I. ch. 4 


And from hence doth ariſe the eral Rule for bringing . 
ee into one. Denomination, : 
FW. TD 
"AMoltiply all the Denominators into eachother for a new ( and 
common) Denominator. And each Numerator into all the Deno-=, 
minators buf its own, for new Numerators. - Io 
Lm. Let the propoſed Fractions be, J. 2. 2 and "hs 


| 'Then by the Rule. 
A new Denominator And the new Nucherators will be 
will be thus found. | thus found. 
| e „ . * 25 3 65. 
1 1 3 * 4 3 | 3 | 3 5 
15 nd RS By et 0 
TE 20 24 45 90 
. 5 e 4 7 | i 4 
420 "ol 1 0. 168 . 3's - . 360. Dr 
"TIME 420 is the common Denominator; And 140 . 168 ; 


3rs - 360 are the new Numerators, which being placed Fraca | 


" Bonwile are 453+ 755+ 1 3, 423. the new. Fractions required. | 
"46 a 8. AE * 8 and 4 428. | 


- : 9 
. 
1 ; 1 1 g 
* * * 
* « , _ 
| * Fs 
„ 2 * * 
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$i 8.8 3 7 bring mixed "MING into FxAcrioNs, and 


the contrary.” 


FIX ED Numbers are brought ie into improper Fraftions 
by the following 
R UL E. 
Mali the Integers or whole Numbers, with the 8 
nator of tb given Fraction, and to their Produti add the Nume- 
n, the Sum will by the Numerator of the FraQtion required, 


 Bromple, 9+ by the Rule will become. For * = 

And, *3--+=42 the improper Fraction required. | 

1 134 will become ?3$. For L3XI5="26.-+ 
. And fo for __ other l requires 


* Te find the true Value of any improper FraQtion given is 


8 __ For if gt as before is 
1 . A+. 


/ 
% : 


* F 


*. 


2 6 


5 


” x l a 8 | 4 4 : | N 3 
. &f valar Pb. 3; 51 don 
for "evident : Then it follows that if 49 be divided by 35 the Quo- 
Kok will be 9. And if 206 be divided by 15 it will give 
131526 Ec. conſequently it - follows, That 


the Numerator of any improper Fraction be divided by i its 
mace, the ch will diſcover the wy de: of thar 


Fradtion. 
| 4 4 MPL ES. 955 | 
1 And 59=5þ; And *t4=6:4- e We | & 
hen whole Nitmbers are to be expreſſed Fraction-wiſe, it is but 
giving 1 2 an Unit for a Denominator. Cs 45 is f. 9s : and 
IS Sor. > | 


* * 


3 ** 4 ITY „* © 3 Fre COT WC TIT 8 —__—— 


Sect. + To ABBREVIATE-or REDUCE FrAcTIONS into their 
loweſt or leeft Denomination. . 


\HIS is done, not out of any Neceſſity, but for the more 

convenient managing of ſuch Fractions as are either pro- 
ood in large Terms; or {well into ſuch, either by Addition or 
otherwiſe : Beſides, tis moſt like an Artiſt to expreſs or ſet down 
all Fractions in the loweſt Terms poſſible; and to perform that, 
it will be neceſſary to conſider of theſe following Propoſitions. 


Numbers are either Pris or Courosty.” * ++ i 


1. A Prams Number is that which can only be meaſured by 1 
an Unit. Euclid 7. Def. 11. 6 = 
That is, 3. f. J. 11. 13. 17. Ge. are ſaid to be Prime Num- 
bers, becauſe it is not poſſible to divide them into equal Parts 
by any other Number but Unity or 1. 
2. Numbers Prime the one to the other, ate ſuch as only an | 
Ho doth meaſure, being their common Meaſure. Ea 4 
. 7 
1 For Inſtance, 7 and 13 are Prime Numbers to wa other, / 
becauſe they cannot be divided by any Number but an Unit. 
And 9 and 14 are alſo Prime 8 to each other, for altho?* 
3 will meafure or divide 9 without leaving a Remainder, yet 
will not meaſure 14 without leaving a Remainder : Again, al- 
tho? 2 will meaſure 14 without any Remainder, yet 2 will not 
meaſure 9 without leaving a Remainder, c. I: 
3. A Comrostd Number is that which ſome-certain Num- 
ber meaſureth. Ruclid 7. Defs. 13 


For Inſtance, 15 is a compete Number of 3 and ber 


5 * * N 3 or "es mY meaſure 15. Alſo 02 
: 0 _— 
*. # | | * | a | 5 


MN eee 5 and 4, Ws. 5X4=20, N 5 and 4 will 
9 each juſtly. meaſure 20. 
„4. Numbers compoſed the one to the other, are they which 
| Fleet Number being ND Meaſure to them both doth 
meaſure. Euclid 7. Def. 14. 

That is, Tf two or more Numbers can be divided by one and 
the fame Diviſor ; then are thoſe Numbegs ſaid to be compoſed. 
one to another. 

For Inſtance, 14 and 21 are Number compoſed the one to 

me other, becavſe they can both be einer or divided by 7. 
or 7X2=14, and 7X3=21 3 therefore 7 is a common Mea- 


. ſure to 14 and 21. 80 that. if 2+ were 5 to be abbre- 
egen it will become 3. 


de nd Remainder left: Then will this laſt Diviſor be the greateſt 
Common Meaſure (and if it happen to be I, then are thoſe Num- 
bert Prime Numbers, and are already in their loweſt Auger 
but if otherwiſe) Divide the Numbers by that laſt Devjar, and 
* their e Fe be their leaſt 'Terms nn 5 
ai N 


#7 


72 and 108, Viz. Of - 1b VV 553% 
$72) Youre: e 5 


o +» 
wr * - 
; 5-3 2 7 
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them thus, 44.4 which ſignifies 44 whole Numbers, and 4 Thb. 
dpf an Unit. Nun, if two Places of Parts be required, ſeparate 
— them with a Comma thus, 4,44 viz. 4 Units, and 44 bundred , 
Parts of an Unit, &c. | * 1 
From hence (duly dompared with the Table) it will be eaſy 
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TT. + 34246056 * 387,7875 4.7 
: ; "I; 4 * 


+. N. B. bn re out in in multiphhing Part: with „4 ; 
that there will not be fo many Figures in the Produt?, as there ought 
tobe Flacer of Decimal Parts by the Rule : In that Caſe you muſt 
Jupplys their e. 4 NY aa to 8 e ; 0s in theſe | 
Wl _— e 2 a 3 C 


1 


* ) 


Wo EXAMPLE. 8 4.4 2 


r N * 12 7 Ys a as Oy , y 4 is, 
„ 8 ard 1 8340 
a 2 . P * — * ** f 
Fg wo = » 1 . Ser I. A» - & 3 [5 Is *% 2 \ , Bo * f ; ; * & 
4s £02 A * , 48 7 - 3 226 wy * 
— „ { 4 wy —_— | "ONE. * 
5 4 T I : (. 
13 * ) SN... pr "4A; 9 $4 ” . | b 
3 | 24 WF * * 1 
2 r Ya 71 1 , * N 1 0 p , 1 1 ? . 
6 — 3 +50 F Fd * F g 3 
I'S * — — * . F 5 2 . 14 ” « 4 1 6 ; 
Sax 8 $ Ex 3 ; 5 8 
5 : F ? V * f | « ” * 1 8 2 10 
. 7 f " 4 0 ; 
UW”. g ; +4 : \ pu F o . , . wo 2 
1 „ 40 709 ; | 10 1 0 5 . | 
8 9 * f we.” - ' - k \ 22 N 
# * „ 1 . 2 L ; FR” "Pat - * | 
ES #24 s a 12922 * . 12 : 5 6 
8 eie, 694 | gb 
Abd . 4 * E * 
; © g 5 " _ 4 f f 4 
8 . N . Yo - 
* ; 


_ 7 0 00M 909790715: nen, 80 1 * 98 
=_ 2 2 5 0 | 

—_ When any propoſed Number of Decimals; is to be and 5 
— 10/,7100-.'T900 . 10000, He. It is only removing the ſe- 74 
ating Point in the Multi plicand, ſo many Places towards the . 
ight-hand, as there are Cyphers in the. Multiplier. 7 x 2 


has, Scr 78. And ,s78x100=57.8. 22 4 
, ee OOO The 1 L 


— 
Cond 


a 1 9 iq * 
- 1 4 * 
1 L [ 


— TE: 20 1 2 8 8 ; 1 * 

Ok Deeimal Fractons. 1 4 

| OY Things being. conſidered, it will be eafy to — ; 
| Decimals, and determine their true Products. in —_ 


> 


| 4 * Examples. 4 „„ 4 
4; 57.686 multiplied into o 578 wil produce: 32; gu, 8 Lr . 1 | 
756543, into 5,4246 will produce 41,8416 157 A 
Vf 3g A . 0;56879.x0 ,05674=0,0322731449 ', + 0 
| + + - 0,03246x0,02364=0,0007672544 .. „ 
wie 87649x0,03687=323 13601863 + .* Wan 


94,35786X6,57869=629,7511100034 
| 3,141592X52,7438=165,6995001296 | 


| Now it oftentims happens, that it will be needleſs to ts 

all the Figures of the Product at large, (eſpecially, when the 

Factors have each of them many Places of Decimal Parts, ain 
the two laſt Examples) only ſo many of them as may ſuſficefor 

the intended Deſign; and yet the Product may be as true to ſo 
Figures as are retained, as if the Factors had been multi- 

pier at large. And ſuch compendious Contractions are not 

| bole of Curioſity, but may alſo be found of great Eaſe and Uſe 
to the ingenious Practitioner; eſpecially in reſolving adfe&ed 
"Equations, or in calculating of Trigonometrical Problems by 
the natural Sings a and T angents, Sc. All which may be thus. 


performed. $i 
Viz. Set the Unit's Place of the Multiplier direfly neat. a? =_ 
© that Figure of ibe Multiplicand, whoſe Place you intend to keep in ; =— 
the Product; and place all the other 1 9 Multiplier in a | 
quite contrary Orden to the uſual; Way. in multiplying al- | 


ways begin at that Figure of the Multiplicand which flands over 

the Figure whirewith you are then a multiplying, [efting down the | 5 
firſt Figure eff each particular Products, directly underneath one = 
another ; yet herein you muſt have a due Regard to the Intreaſe 
which would ariſe. out of the two next Figures to the Right-hand 

of # that Ae in ihe Multiplicand which * then „ with. 


EXAMPLE. 
5 Let! it be required to multiply 3 2 8 cited $247 38 abt 
let there be only four Places of 5 Parts retained in the” | | 
"Ti the propoſed N lied at | 3 
the propoſed Numbers were to bemulyp ied at arge th 3 
| muß d in a qirect Order as uſual. | * 2. 5 
"Thu { IA And would produce ten Place of Pare 
$2-7438 as in the laſt me” 


„„ 


* 1 , . - 2 : 7 ol 8 F * * L I K o 
\ Fg : * % 4 * l cy * K s l 3 8 4 * . ** 
* 9 „ 7 
„ il - 5 LY 
4 * 2 
* 2 
+ v5 * Fe 1. 
* 3 
N : 0 Emettel wo.” 


5 1 it is required to have only Eur ofthaſ@Parts 
in the Product, ſet 9 down: as befor directed, and _w will | 
fland | , x _ 
3141592 The Muttiplighd placed as before, + 2 y 
"Pop 8347585 -. The Multiplier i in A pee Order. 1 
5778797 „„ * 
62832] The Product with 2, inereaſod with gez. 
41991] Produ& with 7, increaſed with g πν C 
4&: 1257 Product with 4, increaſed with IX4Þ+5X4-. 
94 Product with 3, increaſed with 4x3. robs” DE 
2286 Product with 8, increaſed with %- Is. 
Ez, Te true Product 2s was required, 3 8 


= Thi Resſon of this . very ies og . 
= 1 Operation wrought at large. 


6-4 
- "© 5 


we 


| . 4 15 | & * . ** 
bas 3141592 9 a | 1 3 . . I by . . 
2. e 8 % 
1 buy 25 1327 wa hence it is ta tar all 16. N. A 


=— „ 24776 | grues in the Square to the Right-band, are 
12566368 -þ whollyomittedinthe ormer Cantradtion; a 

—_ .._ 21991144 that the laft fingle Product bere, i: the firſt 
=_ _. 62821184 there; conſequently the Reaſon of placing the 
1 t . Multiplier / in a reverſe 5 muſt needs 


— — > appear very plain. A 


a 
- ? * — * * * * 7 
$ 7 : o ©. 
g jo ud 65 * . — * 0 
. 3 3 - ** « N 
* * ** * * = 4 * $4 
La 1 x » , 4 by a : = Trans, 
* F * 5 # 5 W 
F | | -/1 * | * | 
* . 6 : 4 WY 
, * * — 2 
. , 1 , F 
_ C 
nf == 
* 


8 Suppoſe 1 required to wild 257,356 with 1648 | 
| 0" | | and to have wx the eptire P aa * tee, «17 


. 


- 257,356 * 4 | 1 at 5 467,386 
W The T7 u A 2 * 
s —— , , — F 
* >" 18015 n | WIA * p. 26 $8848 | 
4 FF 2 ES IL . 10219424 . 
3 W Sans 
* "of, 1 20 FY * | . oy | 18014192 2 
15 "1968a] | * * 19682158688 ki 


„ we e bd Difliulty that attends theſe _ 
1 (ions, is the true ſetting down of the Unit's Place in the Mul- 


tiplier underneath the proper Fi of Soda, ne © 
cording tothe deſigned Prod ol Prod 5 57 
iz, 


S774. * 


* 
9 
* 1 
1 
* 
4 


" - a ein of N — on * 1 — X 
3 * N 0 * 
1 I 
— . n = . o 
af F-.5 FO 1s , | 4 5 . . 
3 
' * 
» 
= x A 
= 
19 
: CT _ 


. 3 In — Ie was ee to — IE ha of N 
= | Dec Parts in the Product; therefore the Unit'sPlice of the 
ns | Multiplier was ſet under the fourth Place of Decimals.in th 
: Miultiplicand: And in Example a, | becauſe it was required to 
f * have an entire Product of Integers only; therefore the Unit's 
Place of the Multiplier was ſet under the Unit's Place the 
ANlulultiplicand. This, I ſay, being once rightly underſtood, 
will render en „ n 1 


— — — % ELD 7 — 

4 eo 1 Beat 4 Drowiow'o Dyericats, e 4 
IVISION is accounted the moſt difficult Part of Decimal _ 

* Arithmetick: In order therefore to make it plain and eaſy, 
it K wil be convenient to reſume what has been ſaid in page 25. 


1 


8 The 88 Figure is always of the' ſome Palueor De- 
Viz, = gree with that Figure 1 the Dividend, 1 wah the 
x. Unit's Place of its Product Hand. 


5 for Inſtance, Let 294 be ae by 4. 
5 7 dat 70, becauſe the Voll 


94 60 ſpree or” of 4X7 Rag under the Tens Place 
28 _ . Cof the Dividend. 


—_ 


- 14 "176 But this is only 3. " L 
3 recs | 
Remalks U (2) Hence 733 is the babe. K Xo 
We Nou if to the Remainder 2 there be annexed a Cypher (thus, 


25,0) and then divided on, it muſt needs follow that the Units 

Place of the Product ariſing from the Diviſor into the Quotiens,*- 

will ſtand under the annexed Cypher; conſequently the Quo- 

b tient Figure will be of the fame Value or Degree with the Place 

* of that Cypher: But that is the next below the Unit's Place, 
therefore the Quotient Figure is of the next Degree or Place be- 
low Unityz T hat is, in the firſt Place of Decimal Parts, 


52 
8 Thus 4) 2,0 b a 3 RE 


1 that 4) 03. the tru / Quotient required; 

This being well underſtood; Diviſion of Decimals may (in all... 
the various Caſes) be eaſil performed. However, that it Pay. 
de rendered plain and even to the meaneſt Capacity, if 
poſſible, let wiſion de again defined; as in page 23% 12-06 
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2 4 ww * 0. ? / * 9 W 5 
54 / | . 
3 „ Tu — K A „ 
. pay . 0 "a N Y 
y 5 8 . 
* Co : , Y . „ 
d OY 2 a 1 - . ö 4 
: 3 - — Wo "+ 
N 4 * 7 
7 * 5 Ku 
PE, * * i a 5 
1 * W * 5 $ 9 
Aa, 4 
* FP A * » 
FA ; 2 hs 1 


1 8 C 
1 3 8 8 4 N 
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o g - 4 1 a 
8 N on * 
8 3 a Ne . e ü 
, k 0 ; 3 
, 3 
3 » & N 4 
ö TH a . l 4 oo 
8 
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* ein EXAMPLES. 
2 4% : „ 
4 * 3 - T4" ? 1 
' I 8 


p a+ | *. 
$ " F "AW 


. 2 5e9nh Ch. 5: * 
Vz. I * which abe another, be multiplied 
with 7 the Number which ir. quoted, their Produd e 
ember divided. | 
This Definition alone (if compared with the Rule "7 "ay | 
* afford # general Rule for diſcovering the true | 
Figure in Diviſion of Decimals. - 39" 
The Place of Decimal Parts in the Diviſor and. . x 
being counted together, muſt always be equal in Number 
with thoſe in the Dividend. hs from this general * 
eth four Caſes. © 
Ciſe 1. When the Places of Parts in the Diviſor and Dini. 
een the Quotient will be whole Numbers. . 


= is chaſe Srunplr, : . #. 
* $45) 295475 6 * nel 1255 66 * 


Ke ac 


a. 1 
y. 


* 


* 
- f F 4 - 7 * 
a * 42 25 1 3 38 . 468 C. * Fi 7 ? 
: * a ay 3 J - * 7 N * * * " * f * * 8 0 "LA 2 ® 
* > bk * 1 5 
"a S c 5 3 * 8 : | , «& . 2 
(0) 8 e 


bes When the Places of part in the Dividend exceed thoſe. 
in the Diviſor; cut off the Exceſs US Dock in the Q 
tient. As in theſe * N 


269) 995 Gage... | 439 34246,056 hosts 
r .. 3052 


#* 


{4 — 5 — & 7 5 SM | 
aA of 530 20438 en 2005 * T0 — 


; we 34 
* e 1 q 23616 4 «+ 
1 „ 373 N K : 


4 
— 
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8 3. Wen Fo are not 5 55 many places of Parts in the 
Div as are in the Diviſor; annex Cyphers to the Dividend 


to make them equal. de eee 
. a vs = 


0 '4 * 5 
a £ « * *. 2 
a 8 
— 25 
= 2 . 
8 1 4 wo att 2 
yy . 


\ e Pr G * 
* | Ms. -. Fo £& 


\ e bd * ” 7 ä 
8 d 4 \ Wh; 1 
e c x _— \ " * * * N o N N 1 
IS 1 * - we, * * +. 7 o \ 
* 4 


65 ; SF Or Decidaal eich 


* 4 er” EXGMUPLES. 3 yi 
1  Lotithereqdratiodoide 19247 by 7,684, 3 
1 15840 Loy (a5 _ © 23875} 443-0000 (550. * 
„ 153 68 PPTP OY T0 ITS 
. + Vx — CY I. S — — . 
| 2% ,jnnfꝗ3ꝗ// Ä 
38 420 wp” 425 "0 * ae x. a7 240 | we #15 


** 


. 5 40 
i 
+ 4 8 0 ww * 
$+ — 4 - 


(0 (0) 
5 Shs {7 after Divitia is Sides there are not fo many Fi þ 
in the Quotient, as there onght to be Phcesof Parts by 8 ''I 
| general t fupply their defect dy prefizing Cyphers to it, 


1 | 3 N EX AM PL ES. | hy : 
„ ee to divide 7,25406 by ggh1 { * 
| 957) 25540 Vor 35 220 true N vids mg . 


- 


Nap 519 2 50913 po 
* 4 17225 1 
1 ©) 4 5" 9 
4 > Netw When Dick Nan ore l 10. 100. \ 
+ 1000; 10009. Se, that is, when the Diviſor is an Unit with WW 
Cyphers ; Diviſion is performed by removing or placing ihe ſe- 
parating Point in the Dividend, ſo many Places towards the 
D as Pon ge n S 


* l 4 1000) $784 (5,784 © las 10000) 1 a Tod B 
alien are the dire Conor eto hoſe impuge G2. | 


1 I preſume it needleſs to give more Examples at large z only 1 : 
= my nſert a few Dividends, and Divifors, with their Quotients, 

wherein are contained all the N that can happen ww 
BE viſion of Decimals, . 


1 2 1 $74) 403066 ( 85g/ $24) 49,3066 6% 3 

2 ; » +2 "SE 493,906 (8 : 0, SQ} 493066,00 ($5990 2 | 

- © 1 $74)-49,3066 (obig  ,0574) 493.0666 (8590 © - 
|} © $74) aggotolig. K 4 057 l 1 3 1 


4. 


3 that öf Multiplicationz page 64, 


| 1 " ſe from the Figure ſo omitted, 


be ſaved ; eſpecially when the Diviſor hath many Places 

ecimal Parts in it: And it is chus performed. 5 
ne determined how many Places of whole Numbers there 

il bein the Quotient, if any at all; or if none, of what Value 

or Place the firſt Figure in the Quotient wilt be: Then omits | 

or prick off one Figure of the Divi'or at each Operation; via. 

for-every Figure you place in the Quotient, prick off one in 

the Diviſor; having a due Regard to the r EIN would - 


„„ EXAMPLE > | 5 
„ 1 Let it be required to divide 70,25 by 7086. ns : 85 


: g * F L , — 2 8 a Q * 
* p 8 Q \ oy - * 
5 5 id 5 
rY a 7 » „ * W * — 
* 


Patt. b. * 


Tres 1G e Way iouraRing Düben? 


by by which OY Labour . | 


n 


Wn, The Work contradied. "4+: The fame at Length. © 
719863) N 7933 - 1739863) 70,2300/(8,7938 
ack 64 63 8904 | - | 7 8 
"63396 | | 6339619” - 
22 | „ 
. - 7491190 | | 
* 7187 | | 7187197 ©». 
e e > of PITT io. hg 
F 
2 WY ODT te e F 416410 | | 
_ "The Work ce contin 1 akin: 1s ſo PAK 10 . 
with the ſame at large) that 3 it is needleſs to dove x lk 
Explanation St.. | Es IY 
— — — _ — . — f 
80 5 'To Reduce Bvroas' benen, into Dremeats, | 
- bo n % 
NY * age 8 Mendes or ra- a 


ther changed into Decimal Parts equivalent to it. Thus, 
e Cyphers to the Numerator, and then divide it by | © 


Wins 7 2 
| 7g i Rule the Denominator, the uotient will be the Decimal Parts ' 


_ 1 * equivalent to the given raction; . 
| I > be rhought * tg appr 


40. 


er ot left. ſe near it as , 4 


EXAMPLE. 1 


* ; * L 


* * 1 
* * 5 oF, 
OTIS ** 

5 
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"Fc 5 


N of Decimal fa. Sw 


A 


- 
+. * 


1 ” 


” „ EXAMPLE. 88 5 

ee ee to change or reduce into Decimal 
3 J 3200 (75 The Decimal Parts required. ' 
4 e That i 5, i. or 9 2 . 


„ i=;5 ; thus 2) 1,5. And 25% 5 
| SY "hp ſe it were required enn 3 into eee 


9 4-0000000000 5714285 714 We. =$. 


15 When the laſt Figure of the Diviſor, (that 10 the De-+ » 
* nomipator of the propoſed Fra ion) Tappen to be one of theſs | 
g Figures; viz. 1. 3,7 or 9. (as in the Example). then s 


Deeimal Parts can never be preciſely equal to the given Frac- 
tion; yet by continuing the Beigon on, you may bring them 
'to be very near the Truth. As in this Example; Supf ole 1 it 1 2 
required to Change vn into Decimal Parts. 


13) 150000 (0769207692307 Se. ad nn 


4446! 1 i 
| N T hat f is 0,07692307692307=0s ford. 
>, And from hence it may be farther _ 
| 1 obſerved, that in theſe imperſect Quo- 
. 5 tients, the Figures do returnagain and 
% © 6 .._____ ._ cireulate in the ſame Order as before; 
7 oF -.« 757 2s you may eaſily perceive they begin 


39 5 theſe Uſe Lane 


Theſe Ne underſtood, it will be eaſy to find the Decimal 
vs equivalent toany known Part or Parts of Coin, Weights 

_ Meaſures, Time, fc. If you firſt reduce the given Partsof Coin 
Le. into a Vulgar Fraction, whoſe Denominator is the Number - 
of thoſe known Parts containeg in the Integer, and the Swen 


Parts its aum. | 

% ; : | Examples in Chin, &e. 1 

F. * * let it be required to ſind the Decimaly of 167 64. run 
; . 165 g of one 2 Gd. of 11. * 

y Batzen. Then 40) 33,000 6825 2 Decimal Parts 

2 required : That is, 828 216. 6d. 


"x © Again, Suppoſe it were e to find the Decimal equal 
to * 19 85 . „ 


1 Heee + 4 
— i 2 0 1 « © 


to do in the ſeventh Place of bath . 


* * * A 1 * * W 1 ltd. S LS " * q * > * E * 1 * 
r r 5 1 4 $0 ad * ll? 
* 5 4 7 * E „ 
i > 2 C ? 4 » JO ws - 5 
a F | l * e . * * a 
q * 1 6 . . 2 . p bk 
\ 5 1 v * y * 4 ; ö 7 1 * * 
7 7 1 3 +, E , 
»! = 5 * 
- 


= 


3 tie: "Part. ©h. Ek Ge 
vn Hers 1 is Integers, and 335 of 17. and 44. But 4. 
7 + pf on = 425 Then 249) 0 55 , 666666 8. Hence 
13 44.=3,666666 e. As was required. „ 
2. What are the Decimals equal to JEnches, one Foot being ; | 
made the Integer. * Y 
" Firſt, 3 Inches are 1 of 1 Foot, and 3 of.3 Inch are . But 
e Then 48) 31,900 (,64583 &c,=73 Inches. 84 ; 


3. Let it be require 15 change 8 Oz, 19 Pwt. 8 Grains into 
_ Decimals ;, one Pound Troy being the Integer. 


f 94 dein reduced into tt 5 erms, and added eller 
wilt become ; Bo of 1 Pound. F 


"8 Then 5260) 450 4304, 00 (,74722 3+ The 8 required. 75 4 
"And thus may any propoſed Parts of Coin; Weights, Mea 
fares, Oc. be reduced or changed into Decimal Parts; which 
erhaps may at firſt ſeem ſomewhat tedious in Practice, but be- 
Ing a little de, with them it will be found very eaſy; and ne 
the ingenious Practitioner will (with a little Conſideration) ſoon — 
find how to feduce them almoſt mentally ; or with the Help of a 
very few Figures, without the Uſe of ſuch large Tables as are * 
uſually inferted in Books of Decimal Arithmetick; or at moſt | 
they may be contratted into ſuch as theſe following, which, if; 


PL Wn tothoſe 3 ables] in Chap. 3. will be wy” 7 uſeful, 


10 wes Decimal T L 
BY "Fig Coin, a: 26 = eight. | 7 
' Gy; oo =" 1. 4] 40,0625... = LOunce. . 155 
,0;00416666. = 1d. 3.54 -0j00390625 = 1 Dram. n 
| 0,00104167 = 1 Farthing. 3.0" 115 being the Integer,” . ; 
I being the Integer: | 8 
| — — * 1 
T, roy Weight. | " Averdupais Great 7 7Y 
9.03 — + => 1 Put. S % , 10,25 ++ . 240 mw ve 4 
e 1 Grain. | 0,00892857 = 115. 5 > 
| 9 Banger. 15 o, oo055 803 =1 5 9 Ae 
, 3 2 III. being the Lnge. ny 
b a. ee Wight... | Tir Time. | Fd F | | ; 
F: | $0,125 +: +. =" Drin. 1 0,04166666'= = 1 Har. ; 
= £4 9,04166566 = 1 Scruple. 1 0,00069444 = =I Minute. | 
on + | $0,00208333 = 1 — I 1,0000117 = 1 Second. | 1 
7 4 ng Me Integer. .- 1 Da, or 24 Hours wid 04 a 
7 bo l — i | 
| 5 7 | The Ve of thele rue, wil he evident 11 the flowing 


l 8 . N , 
\ ö % = ; . bs . ” 1 0 *”. 
\ 1 1 << whe: Cs : & M ” 1 
"og - | n as ; ; 7 f 
3 - ; 2 K 1 1 F 5 
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1 N of Decimal — * 4 
FTT | 
ties it be required to find the Dei Parts inns 
177. gd. 2 Farthmygs. N 
"= | * Firſt 0,05=15. Therefore 17 * Sos Be... 2171. * 104 . 
924133 Waben, Therefore 1004166x9=8,037494=g4 
4 Alſo 2), 04 16 οονẽ,j, * 
1 5 Aru ' Conſequently their Sum, viz. 0;8895797=177, = 
9 Now to find the Value of Decimals in known'Parts of Coint 
or Weights, c. is only the Converſe bf — lerne Wan, 
446 is thus performed. | a» 
4 2 the given Decimals with * ban of we 
_ © Vulgar Fraction required: That is multiply the Decimals with 
ſuch a Number of Units as are contained in the next lower 
nomination of that Kind or Species which your Decimal Nee 
and the 25003 will be the Number required. | | 
HY 8x4 MIS. "WF 
R 1. What i is the Value bf 0,825 Decimal ef f Pound Ste A 
. That is, how many Shillings, Pence, Er. = ,825., | Firſt, - 
c next lower Denomination is 20, . 0th 207. make one — 
bw, 8 3 „82 | 


i . | 4 4 9 1 0 en = 
. \ * * 4 | , , * 
1 N : 1 a . | 7 , e 
| ig; 500 and Parts of 1 Shilling; 1 
„ — : : + y. , * 
. ” I IS Wi Lk , * 
. Ne , 1 4 


. 5 We, of POS 8 we”. Aer ES" „ 
5 13 d Wha are the nnn, 


| "Her the iner ace 3 Pownds, Then 666656 MS 
2 * 5 . * A 65 a RT ne. . th 3 ; 1 , 
| J „ nnn, 
1 Fy Anfwer 3;666666 = 3le- IÞ. * 666640 8 4 | ; 
Sho Mnf | e 
; ® | 1 
ence'3, 9840=4 neat. 
| n 582 . 
Ns, 274722 | ANI 22 Ai, 33280 
11 ah tn WITTE LOS Ns 2+ # 
"349444. N 7 „ 
71 0 fee 4. oh 66586 2 
ie 08, e., ar, 7,98720 . 
5 Theſe collected are 8 19 8 very near. of F 
a 1 | YA . * f 1 4 And k 
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8 9 2 Fo Aa Ba Number of Decimals may be turned or 
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4 1. Ch. 2 
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changed into the known Partsof what they repreſent. viz. Whe- 
ther they be Parts. of Coin, Weights, Meaſures, or Time, &c. 

I have omitted inſerting more Examples of this Kind, becauſe 
:q take theExcelleney and indeed the chief Uſe of Decimal Frac- 
tions to conſiſt more in Geometrical Computations than in be 
common or practical Parts of Arithmetick as will appear further 
on; although even in thoſe they are very uſeful upon ſeveral © 
Accounts; eſpecially in the Computations of Intereſt and An- 
nuities, &c, But of that more in it's proper Place. I shall 
therefore conclude this Chapter with a Remark or two 99 7 be * 
Nature and Properties of Fractions in general. 

If any. given Number (Whether it be whole or mixed * 
multiplied with a Fraction either Vulgar or Decimal, the Pro- 
8 Ph be leſs than the Moltiplicand, in ſuch a Proportion do 

multiplying FraQuon.is lefs than an Unit or 1, 7 

T hat it; as the Denominator of the Fraction is to its Nomers- * 

hy > will the given Number be to the Produft, * 
Therefore, whenever any Number is to be multiplied with 3 

ton, whoſe Numerator i is an Unit: Divide that Nutnber 

"the Denominator of the Fraction, and the Quotient will be 

e Product required. Thus 12 K 23. And 12 74 3. 

ain, tax =. And 12<-2:=6, G. 2 EY 

rom hence it follows, that if any Number be divided by 2 


, Fraction, the Quotient will be greater than the Dividend, b 


ob a Se as Unity is greater than the dividing Fraction. 
Thus a 48, vis : 1112 48, e. But the Trutn 
e Aur aca be * underſtood after the next Chapter. 
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* any Rank or Se NA RE Et 3 1 
ot decreaſe by an equal Interval or common Difference; 
thoſe * are * to be. in — 1 . 


; x 7 4 " : _ je” 


95 765 wy RIO, + 
= 1 52 
Here c 


6" YN 9 „ Ov | 
1 45 e Number be in arithmetical W a 8 
14 4 the two Extreams (viz. the firſt and laſt} will be ae to 
81 the Double of the 5 3 or middle Number.. RH 


1 As in theſe, 2. 4.6 Or 3. 6.9 Or 3 7 I 
1 I e Or 11 And IF! i=7-+7, oe 


oe Lama 2. | be” 

4 "If; any four Number &r6 arithmetical Wee nen, the e Syn x 
-= & the two Extreams will be equal to the gum of the Means. 

"4 | As in theſe. 2 4. 6. 8 Or 3 6 9 ORE > 

. 4 Fiz. accie. And en et 814 | 


"Corollary 1 = 
Fron f 0 Lemma it is 2 to 8 that if news 7 
many Numbers be in arithmetical. Progreſſion, the Sum of the two 
 Extreams will be equal to the Sum of any two Means, "ors ar 
ko ths from # thoſe Extreams. Porn OM 
2.4-648.10.12. 14 16. 1 
| bed Tor or. e £4 | 
1 if the Number of Terms be 4 as bee, a Xx 
8 =” „. . 10 r. 14. 16. 18 8. | SOS, 7 
IP Then ee s N OE 1 2 
* wk 1 * n+} heh 
op 9 Sele of Nurbers' in arit — eps 
5 poſed of the Interval or common Difference, ſo often rg 
1 as there are Terms in the Progreſſion, except the firſt. ' 
* As in theſe; 1. 3\.5 . 29. 1. . 15 +37, &c, * 
| Here the Interval or common Difference being two, it a be 
1 * 1 arg. S7. e N 1 | 
+61 bs. heh: LG 1527, Sf. | 1 


1 ee 1 10 
7 es 1 5 is evident, r the Diffe erence beten the teu 2. * 
4 tream (viz. 1 and 17) is tomipopo fo of  the' common Difference, 
Ee the Number of all t Ts, excepting the firft, 
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As in qoreind Wes $ "5 5 * n, = . 
W 1 if a 


e Ad ket 1 Ch. 6. 


De. Nomber 'of Terms without the firſt is 8 
. ITbe common Difference 1 18 2 ra «ak 
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1 We Diester betwixt the two Extreams 16. 


Propoſition 2 


ANG. In any Series of Numbers in arithmetical Progrdiſon;t the" two 


. 


eee and the Number of Terms being given, thence 0 


ind the Sum of all the Series. 

Fo Multiply the Sum. af the. tus Extreams "into 1 
ee Number 4 7 the Termt; and divide the. Product 
nns otient will Be the. Sum of . * _ wy, 

| 1 Series, Fir orol. 1. - 1 5 
1 ET L E 8 
. is required to find the Number of all the Strokes a Clock 


Here 1 ＋ 1281 3 the Sum of the two Extrem. 
i 12 the Number of al the Terms. 8 
2 |: BY $ * : * * 1 8 ? . 
* Wi * « | %. g 1 | * . 8 » 6 5 - 
SY #5 a 35 : EN "ITY 1 * A IA 


* * 4 1 * — 
7 1 i * 1 + * A 1 8 5 y 
, . BY « off 2 3 Wu r 1 


_— * Then 2) 156 7A The Number of © raked e Pt 
__ EF» 0. x8 % wh nes z 
_ ISHS Hundred Eggs were placed in a hat fhe a 
Yard diſtant from one another, and the firſt Egg were a Yard 


+ from a Baſket; whether or no may a Man gather up theſe 100 


Eggs ſingiy one after another, Kill ceturning with every Egg to 


I + - " firikes in one whole Revolution of the Index, viz; —_ Hours. 


tte Baſket and putting it in, before another Man can run {our 
Y Miles: That is, which will run the greater Number of Yards? © 
In „ 200-+2==202- Is the Sum of the two Extr. 
e mw 00 l the Num. of all the Terms. 
5 5 e et The Number of 
1 7 Then 2) 20200 lol Yards he runs that 
BETTIE takes up the Eggs. 


No eee Yards "The Yards he runs that takes 
But 10100—7040=3060. the Eggs, more than the other: 


Propoſition 2. 
* * poſe 


ants and Number of 


3 the common Difference of all the Terms in that Series. 
"= wb nh The Differetit# betewix? the two Extreams, being 
"I 1 * died by the Nitehber of Term le an Unit or 1. 

1 The Quotient woll be the common Difference of "the 
F rat 2. 120 | . 
F 2 BXAMPLE - 


4 


any Series of Numbets n arithmetical Progreſſion, the two 
f ie being given; thence to find 
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EFF og 


fix. ng. an half; What was the Difference: of their Ages, * 
the Age of each? \ +; 


5.0 or Pre 


41 © 


5 _— 
4,8 
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ETA N THE an 
-o»* had Twelve Children that differed alike * in all. 


* 
1 


their 


che youngeſt was nine Years old, the eldeſt was thirty- 


made in arithmetical W The firſt of» owes 


Twelve Pounds Ten Shill 


ings, and the laſt to be 8 irty- 


Pounds. What is the whole Debt, and what wg 


el be? 


ie 22 Sum of the Extreams- 4 * 


4. 


"And 7 2 14s + m2 12 The third Payment, Ee. 


+ px 


1 4 


EXUMPLE 3. 1b 


Days, and to go but two Miles the firſt Days increaſin 


page Journey by: an equal Exceſs; ſo that the laſt Day's 
be twenty-nine Miles; what will each Day's Journey 


ler many * is 3 D goes to * from L 
t ; % 5 | 2 


Ft 


** 


Per 7 1. "Find the with Debt. ow. * 75 | 


quently 6 N 14 4 1 11 The dend Ne, 


1 
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| 1 
A Man. is to travel, from London to. a certain Place; in ten 


every 


$ Journey 


be, 
ndon? 
" Om 
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Here 36, 59827, The Differevce of the two Exreams: | 1 8 
And 12—1=11 The Number of Terms leis an Unit. | 
Penn 11). 27,5, (2,5 The l Fer wa . 
onſequegtly 5 211,8 e Age of the youngeſt but one. 
for pi a ge The Age ide Ee N ſo on” 
for the reſt. Fer Corel. 2. 42 ks - 
RH. JIE y 5 J hae - n n 4 
EXAMPLE, a) +2 1 
A Debt 1 0 bebe dw fovenat Piynien ts why 2 
oO 


. 7 
he Number CITY * 4 

Mme 75 3 1 A2 E Bag 0 "Pp "'F : > . a 

6 ney Take WM TS. +04. 0244197 | 
r 1 
2) $30,5 be 'The belt Debt.” + MP 
ths? per Theorem 2. find th Difference of * 
Payment. CRATE 
Thus 12,8806 The Dan ee th * Rho 
nd I-11 The Number of Terms leſs 4. n 
| Then 10) 50,5 60 17. 7 common 0 | op 
' 4. * 


* 


: 
"Part L ©, : 


| > | Find: agua The Diers of the Seren 

And o lee Number of Terms leſs 1 

1 ITpen 9) 27 (3 3 The common Difference. 2 
uentſy 2+3=5 The ſecond Day's Journey. W 


294-2=31-- The Guns of the Extrem. 
10 The Number of Term. . 
"BF Z10 (r 85 (hn; Diſtance required. On 


"ga 


There are eighteen „ en more relating to Queſtions i in 

_ arithmetical Progreſſion; but becauſe they would require a great 
many Words to-ſhew the Reaſon of them: I therefore refer the 

| Reader to the Second Part, viz. That of 0 where he may 
Ravel their re — F 4 


S 2. Cineeraiag Seer Paeren fax ji 
4 4; fometimer called Gxo wptRic a PROGRESSION, \ 
= Ws be 


Proportion contimied 
hs . 4.816. 32. Ee, here 2 is the common u Multiplier. 
| 64.432 .16 . 8. 4. Fc. here 2 is the common Diviſor. 


S 12. 6.18.54. Fj Sc, here z is the common 8 
| Lies $4- 18; LO 2 hem 3 i . 


4 


and it ſhews the Habitude or Relation the Numbers have to one 
AJ another, viz, whether they are Desde, Triple, Quadruple, &c. 
which Euclid Ds defines. ' 4 
A or Rate) js the mutual Habitude or Raſpeci of two Mag - 
nitudes ( 2 uently two Numbers) of 12 kat. * 
= aocording to Duentity, Euc. 5 Def. * 
x Wee t's (rather Proportionalty) is a similitude of Ratios. 
1 1 er, | 
| 7 Ns * cannot be leſs Node 4 Terms to ** a the-”. 
pottionality or Simiſitude of Ratio” $; and if but three Terms, he” 
x Krone muſt ſupply the Place of two, As f in theſe 3, 4.8 
Thb ie, 24 4 8. (of 4 ; ſee page g. . 
lere 4 the middle Term ſupplies Ko 2 lace of two Ter 
ö to Wits of the ſecond _ thi Te ING the — 


a * „ 6 
" : E WE : 
\ f 5 ** * * by) 
Y a7 * 
&.& 2 6 
"= Fs of > 3 8 2 £ 
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. X78 
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7 4 4 4 
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r * 2 2 - Ai ST 5 
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"And d ers The third Day's Journey, G. 
5 5 4 


1 one common Multiplicator, or decreaſe by one com- 
3 i mon Diviſor; "Thoſe Numbers are. ſaid to *. in Geometrical 


Note, The common Mukiplier (or Diviſor) is called the . 


= 


—— 
wa 
. 1 


K nan 1 be * . "5 e 2 
FA 4 Ako.” a J 435 
de” Ee Numbers are; Reel che Rectangle or Product 


* the two Extreams, vis. _—_ the firſt and laſt Terms, will be 
equal to the Square of the mean or middle Term. (20 Eual. ). 
As in theſe 2: 4 * 4 8. Here e the win 

the Extreams. 


"Aug Fe we Square of the Meas. Deg eee q 


4 5. 7 | * 


Hence it e that if the Naa of any two 8 
be equal to the Square of a third Number ; W 


£ bers will be in N 
25 6 £3 3 172 ie 5 ; 
. 1 ON . 8 


i four TOY are ee oat the Prodii of TY two 
8 will be n to the re of the two Meang (19. 


As in TIE 214; 8: 16. Here . 


4 „ Ang eee, inn 


£ F * * 1 5 
1 1 ; & i *7 | | 


- oo ow 
2 4 
= \ 4 
4 \ . | , 


_ From ha it leon, that if ſhe Produc? of any tawo Num 


Vumbers are Proportionalc. 


And from theſe two Lemme's it will be eaſy to conceive, that 


if never ſo many Numbers are in continued Propbrtion; the 
HB 1 of the tuo Extreams, will be 2 to the < Prog of 


any two Means, dat are equally difian 
As in-theſe 3 4» 8 16 


be odd, 
Pi 2 s „ 5 Ge ? 
Then 128x2= b * 45 


Note, The « "PI 4, . A5 continued Propr- 


r i = 


In 


Sy be equal to the, Produdt of any other. two Number a thoſe four 


4 32 6 
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Atithmnetick. Phe ! a. « 


of 28. (bia. 'of continued: Propertionals)- at 


In every 


Number which is compared to another, is called the Antecedent 
of the Ratio; and that Wen to which it is compared, is , 


called its Conſequent. n ; 
. As in, theſe, 2 4: 4:8. 77 5 2 is the Antecedent, and 
4 is the Confequent ; and 4 the middle Term is an Antecedent 


to F its Conſequent: hence it follows, that in every Series of 


© alt the middle Terms between the firſt and laft are both An- 
receibnty* and Conſequents.”' 
As in theſe, 2.4.8 16. 32 64 fc. Here 4 '$7 16132. 


are both Confequents and Antecedens. © © 


ror 2: 4 TE 0716.23 107.3 32: 64 U, 25 
8 that all the Terms except the laſt are Fee And 


ye 65 te: 


= 1 3 f ; uma 8 | af, Fas hg. 2 1 
If never 1 many Near are . it in Vi ; 


. any one of the Antecedents is to its Conſequent; So will the 


Sum of all the Antecedents Ber to the Sum of all the r | 
OY | (12 Euclid 2 . 


That is, in the TR Ha Sers a 

: 2+4+8+3 6432+: 4+8+16-+32Þ#64.; 
Fort it is evident, that 44+8+16+32-E64" the Sum of all 
the Conſequents, is double to 2+4+8+16+32 the Sum of 
all the Antecedents; as 4 is to 2; according to the Ratio, and 


. would have been 1 ele or "Quadruples &c. had the Ratio been 


, Oc. p 
Nat In every geriet of * ide Ratio i 10 fs & gy. 1 
i the  Conſequents by its Antecedent. i 
As in theſe 2: 64: 6:18 :: 18 "543: . 
Hlere 2 55 6 (3 2 Ratio. Or 6) 18 (3 Ce. 8 
"Frog the ſecond and third Lemma's may be raiſed two gene 


. Theorems or Rules, for finding the Sum of any 4 in = 


without a continued Addition of all the Terms. 
Let the Series 2 4 8 16 32 « 64 g 148, be given, 
to find its Sum. : > ole 


4 3 


ee ee the Sum 4 3 . 
Then will z—128=;the Sum of all the Antecedents, Wo 
And z—2= the e Sum of all the Conſeguents. | 
But 2 4 1 i a per U 
e pr Lemma 3 E 
_ Conſequently 


i 


q 4 
I , 


eee eee. ee wt. |; 5 ao 5 


* „ 


| - , Theorem == FED In Words at 15 © fs. eee 


ons 
5 ears the Product of the ſecond and lift Term 
Theorem : ſubſtrat the Square of the firſt Term, and that 
J Remainder being divided by the ſecond Term le/s 
tte firſt, will give the Sum of all the Series, © 
Or if the firſt Term, the common Ratios, and the laſt Term 
be only given. Then, 
4 Multiply the laſi Term into the Ratii, and 
A their Produ#t ſub/tratt the erm; divide that 
Tanne. Remainder by 1. 5. Oh nity or 15 and it + a 
RT give the Sum of all the Series. © 
| F 2, ++ 
. Or 4 Z—2 Z=51 2—4. As above. 
| Conſequenty 2 Ana ain viz, the ha rt by a. 3 


Then 2 . £52 Theorem a. . 
l Tt 
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K 4 4 : * 
i . , I - 1 = 43 j . * — 
- 
* £2 


9 EA E ee 
Let 2. 6 185 54162. 486. be the given 800 i 
2 is the firſt Term, 3 is the Ratio, and 486 the EDI 


Bat a86x3= i458. And 1488=2=1h56.” 
Then 3—=1=2) 1456. (728 the Sum required. , 
| Thats is, 728=2-+ +1 8-{-54--162-486. ö — 4 2 

0 We in either of theſe "Theorems it is required to have the 

8 laſt Term known (the which in a long Series of =5 will be very 
: tedious to come at by a continued Multiplication ; if will there- 

fore be convenient to'ſhew how to obtain either the laſt Term 
or any other Term, whoſe Place i is aſſigned, without PN 
"Ty _ all the Terms. ' 
* In order to that, it will be neceſſary to premiſe the e 
* 1 chat is betwixt Numbers in eee Progreſſion 
2 and choſe in geometrical Proportion. 


„ If to any Series of Numbers in 2 when the firſt Term is bot 
5 41 Unit or 1, there be aſſigned a Series of Numbers in arithme- 
72 tical Progreſſion, beginning with an Unit or 1, and whoſe com- 
. bg 7 SER is 1. called 1 or Exponents.”- "2 9 pt 
1 22 6 4 5 6 7 Indices" 
e 4: a * wk - 32” 64 » 128 el 4 . 


5 2 1 
c 1 


* (or Numbers in arithmetical Progreſſion) directly cor- 
reſpond with the P's rad or OOO en ee b erms 
in 1 Series of == 


JS A 
- . , 


* 


Aonin. As 6-+4=10 Wy Y 5 Ve"? | 
e She wh Term i in =. | 


# . 0. is bens} Or, wry Selle * 


i But if the Series of == begin with an Vos the Indices muſt 


begin with a NTT 


MR 


40 pal rg 94.7% * e ew. 
Aim theſe 404% 45 16. 32 OY 


| 88 from the firſt Term is aſſigned, may be e ob- 
tained without HOWIE | the whole Series. 3 


De 5 EBXAMPLE, 1. 


Number of Nails was to be 7 in every Shoe, viz. 28 N in all. 
What muſt he have 9 for the Horle ? 6 


N 


* 
"OM. . 
; 2 2 
* PS 


* A 1 8 _ Indices . | 
| meſes > "4a 83 2 Fanhings in =. 


» 85 2 an, | 5 10-10==20 
: me, , x N ere { | 
4357 ' Tas 20p7=27 
Again, { 16x8= 128 Lat, 2 4 1048576x1 28=134217728 
| "Which 8 to be accounted the 28 and laſt Term. Be- 
_ the firſt Term in the Series is 1, which doth neither mul- 


nor divide. 
1,» I this 134219728 being the Number of Farthings to be 


the firſt Term which is 1+: May, be RIFE ODA 
r . 


1 
1 *. 

3 1 
* 4 
oy I 4 

F | : N 

. 

hl y . 
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Nane « Addition or Sed ten of any; mat. | 


wle N in = V 


_—_ | Now by he Help of the 8 aun 5608 of the firſt 3 | 
 Y any Series of ==, it is plain, that any Term whoſe Place or 


3 Man b bought a Horſe, and was to give a Femin for ru 
rn Nail, two or the ſecond; four for the third, Cc. in , the 


1024X1024=10485 75 * 


Fl for the laſt Nail, by it the common Ratio which is At 
tne 


* 8 
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* £3 + \ - _ 8 RY 2 py * * — * * * * 4 
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7 * bee > bp Hd 
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2 1 
26643 — . this Produd ſubſraQ 5 975 
Pix. 268435456-—1==2684354 455: Then 2—1=1 the Divier. | 

Conſequently 268435455 is the Sum of all the Series, or Price 
of. the Horſe in Parthings, which being brought into r. 
N Page 46) will be 2796201, 5 7 2. 


7055 N EXAMPLE . 


A caving Servant agreed with a Maſter (unfilled; in New 
bers) to ſerve him eleven Years without any other Reward for 
his Service but the Produce of one Wheat Corn for the firſt, 
| Year; and that Product to be ſowed the ſecond Year, and o | 
on from Year to Year- until; the End of the Time, allowing 
the Increaſe to be but in a ten- fold Proportion. 

Gig is gs ori to find * n of 4 whole Produce. 


| 22 . 


1 iy . wo 
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Firſt $ $i Sk Fo * 2 - 5 am an 7 | 
5 0 100. 1000. 10000. 10000 Wheat Corns in > 
Then As 4-226 9 
80 3 the seh Year's Produce. 
64+5=11 . 
| And ; 1909900X100000= 100000900008 the Eleventh 0 ul 


Year's Produce. 4 


Then (either by Theorem 1, or 2) the Sum of a the Serie 
2 be 111111111110 Corns. Now it may be co 5 9 5 from 
1 and 34, that 7680 Wheat Corns, round and gry out of 
Middle of the Ear, will fill a Statute Pint, If fo, 
1 7680) 111111111110 (14497592 Pints, but 64 Pints 
are contained in a Buſhel. i» 
Therefore 64) 14467592 (226056: Buſhels. Suppoſe it to _ - 
be fold for 3 Mites the Buchel; 9 
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- Skillings e Ae ah 4. A Toy goo Re- | 
| compence for ele ven N 


There are ſeveral pretty 3 reſolved by Numbers in 
arithmetical Progreſſion ;; and by thoſe in => which the ingeni- 
ous Learner ill egfil perceive hereafter, viz. when we come 
0 the NO" of Queſtions 4 to Intereſt and n 
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I > 
iin 
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1 1 {Part I. Ch. E 7 


; here is alſo 4 *third Kind of Pets called Muſical, 
which being but of little or no common Urs I ny therefore 
give but a ſhort Account of it. 
Muſical Proportion or Habitude i is, when a6 have ons: | 
__ - the firſt bath the ſame Proportion to the third, as the Difference - 
between the firſt and ſecond * to the Diſlerence detween the 
ſecond and third. 5 | 1 5 
As in thele, 5 8 3 W - 12 46.6 Wee 
If there are four Numbers in muſical Ser N 3 the fin | 
woll have the ſame Proportion to the fourth, as the Difference 
© _ between the firſt 06 ſecond hath to the Went between the 
== r bree fourth. OY 
ta "EM theſe 8 14 a PE. pA Fit tad. 
=_ 7 Hers 8: 84 :: 14825 ee, GET e 
3 n That is, 8: 84 :: 6: 63. r 
== | The Method of finding out Numbers in Batch en 1 | 
4 - bs beſt OY by" BRUT; 26 Wall be 9 in r'the N 9 
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Hs ng A 1 15 not 5 of in any common Oaks 
_ of Arithmetick (that T have had the Opportunity of peru- 4 
8 ſing) made me think it would be acceptable to the young 

Learner, to know how oft it is poſſible to vary or change the 
Order or Poſition of any propoſed Number of Things. 
s hon many ſeveral Changes may be rung upon any pro- 

poſed Number of Bells; or how many 28 Variations may 
be made of any determined Number of Letters, . 7 6 
Things propoſed to be varied. + 
The Methed of finding out the Number of Changes i is by a can- 
tinued Multiplication 14 all the Terms in a Series of arithmetical | 
Progreſſions, whoſe firſt Term and common Difference ir Unity or | + 
1. And tbe laſt Term the Number of Things propoſed to be varied, | 
viz. eee Sc. As will appear from what follows. 


1. If che Things Props ropeſed to be varied are awer two, they ad- f 
mit of a double Foſition (as Order of Place) | I 
Thus, 2 15 ** A- 1K 2 Loos 


2 + td Lun hgh fd on vdr ey q 9. 
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" aa et I. «hs a a 7 Ca det 9 — * — 3 _ "XY CRY * , WY — n N 
a e 5 a 2 __ þ 
» — * * > C & 
Þ n 5 f - Z * * , -* 2 lu 
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\ - 4 k 
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„ Of Prophrtionzttee 1 
| | haage 6 enen Wap, der One of me - 


no more. . 
| ros, beginning! with I there will be L EP 3 
1 | T'+F+ >, 
s 1 5 Next, beginning with 2, we e i = 3 | 
| 2 8 Again, beginning with 3 it it will des hy . = | 
| Which in all make 6 or 3 Times a, . Cel 
9 3 5 four Things are ncopoled to de vatiedg wer 
Then they will admit of 24 ſeveral eee . to aa Order 
eee Places. ret kT or agen 13h a Treas; oth 
. 4. nein 1 Ut ; el 3 «4 
Is 1 | . kh: 12 % 4 3 
* 7 "For beben the Order „ it will be PF + Fa — F 6-4 
* ele 8 2 eh g 45 2 3 : 
| if » 36-4... 
1 3 for the fame Reafon Ak will be 6 Ade Changes, a 
of ii 2 begins the Order, and as many when 3 and 4 begins te 
| Order; which in albis 24=1X2X3X4.- And by this Method * 
of proceeding, it may be made evident, that 3 Things admit f 
Figs 120 ſeveral Variations or A and Sb of 720, Ac. 4 
1 As in this 0 Table. wo 
4 Þ * | * 
"= The Number | The Manner bow -. : The di Chinn 1 
of Things | their ſeveral or Variations every. e 
= Freßeſed e Variation; ate. ene of the 2 
Y _ "be varied. © eee * oh, . 
* — . — — — POT PE TOA” | 
2 * I F- 1 5 2 OY „ 5 
a. 37% e 
or Fad 4 BY 6X4 A 5 5 X 
d, 99 x » 24X5 | .==120 
vs. : "14 | 120X6 720 > 
* 5 | 720X 250 i os 
ad { ; | 3040000 | * hu 
* 5 | © 49320%9 _ | =362880- 
3 9 35288010 223628800 
bes: "Ir _ |  -"3628800Xtr 239916800 
nay, 12 ][  .39916800X12 3 
b 1 er. Sr. * 
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| | { 4 9 55 4 . 
11 OE Patt. 
TLrͤeſe may be thus continued on to any aſſigned Number. | 
| 1 to 24 the Number of Letters in the Alphabet, Which 
will admit of 620448401 7332394393600 ſeveral Variations. 
From theſe Computations may be ſtarted ſeveral pretty, and 


I pp 


s 


Six Gentlemen, that were travelling, met together by Chance 
at a certain Inn upon the Road, where they were ſo pleaſed with 
their Hoſt, and each other's Company, that in @ Frolick they 
made a Contract to ſtay at that Place, ſo long as they, together 
Vvich their Hoſt; could ſit every Day in a different Order or Poſi- 
= tion at Dinner; which by the foregoing Computations will be 
bound near 14 Years. For they being made 7 with their Hoſt, ö 
= will admit of 5040 different Poſitions; but $940 being divided N 
buy 365 (the Number of the Days in one Year) will give 13 
Fears and 291 Days. A very pretty Frolick indeed. 5 
1 I I have been told, that before the Fire of London (which hap- 


pened Anno 1666) there were 12 Bells in St. Mary Le Bow's 
Church in Cheap/ide, London. Suppoſe it were required to tell | 
bow many ſeveral Changes might have been rung upon thoſe _ 
1232 Bells; and at a moderate Computation, how long all thoſe 

: Firft, 1:<2x3X4X5X6X7X$X9X10X11X12==479001600 the Num- 

„ | ber of Changes. PT &/ 6; e 1 4 ITS. . 

N Then ſuppoſing there might be fung 10 Changes in one Mi- 

nute, viz. 12X10=120 Strokes in a Minute, which is 2 Strokes 

A in a Second of Time: Now according to that Rate, there muſt 

q be allowed 47900160 Minutes to ring them once over in all, 

4 their different Changes; iz. 10) 479001600 (47900160. 

Iss one Year there is 365 Days, 5 Hours, and 49 Minutes; 
which, being reduced into Minutes, is 525949. - 8 . 
i 4 Then 525949) 47900160 (91 Years, and 26 Days. 1 


S8io long would thoſe 12 Bells have been continually ringing 

= ' withoutany Intermiſſion, before all their different Changes could 
have been truly rung but once over. It is ſtrange, and ſeems al- 
= moſtincredible, that a few Things ſhould produce ſuch Varieties. 
1 But that which ſeems yet more ſtrange and ſurpriſing (yea, even 
3 impoſſible to thoſe who are not verſed in the Power of Numbers) 
F a . is, | 


* * 
s 
5 , 
# "EPR! A . 
2 — * 2 oo = 
TL TO 1 


1 Chap! 7. 


- quently the Time, beyond common Belief. For 14 Bells would 
require (at che ſame Rate of ringing as before) about 165 75 


x — Rate of 10 Changes in a Minute, which is 2 Strokes in one 


as may eaſily be OO rom: the ae Table. 


1 
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is, that if two Bells more had been added to the aforeſaid 12 
thay would have advanced the Number of Changes, and conſe- 


ears to ring all their different Changes\but onee|over. 4 
And if it were poſſible to ring 24 Bells in Changes (and at the 


" = 


Second) they would require more than 117000000000900000 
Years to ring them but once over in all their different tient 3 


" TY — 9 _— = „ "1 TT „„ * — 8 7 _ 


- both R 1 


the third doth to the fourth. FA 


\ krſt Term: So is 24 che fourth Term, 4 Times greater than 6 


to the Product of the two Means, as well in Disjun& as in con- | | 4 


ene 1 A P. vu.” ee een 
of PaorontioN Dijoxer; : Sd calle the Cee 
| | Roe. 9 
ROPORTION Babe or the Gow Rurx, is e- 
ther Direct or Reciprocal, calſed Tears. And thee 2 are A 


SECT ns 6 oa. i vt 


IRECT PROPORTION Geke kunden, the fel 9 
beareth the ſame Ratio or Proportion to the ſecondz as 1 


i ＋ x 


- As in theſe2:8::6: "Bio PH 4, 00Y _— 

- Conſequently, the greater the ſecond Term is, in reſpet to | 

the firſt; the greater will the fourth Term be, ig reſpect to 
the third. * 


That is, as 8 the ſecond Term, is 4 Times' greater than 2 the 


the third Term. 
Whence it follows, that if four Weder are in direQ Pro- 
portion, the Product of the two Extreams will always be equal 


tinued Proportion; according to Lemma 2. lage 77˙ 


3 28 2 2X4 : 6: 6X4, Or as 3 Is | 6: 6X5. 
But 2X6X4=2X4Xg. Or 3 ee, 3 
That! is, the Product of the Extreams Is equal to that of wwe | 3 | 


Means, | ! ; 2 2 7, x A 
| | 88 gain, 


n by 
* 
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- the jeſs will the fourth Term be in reſpect to the . 


8 . „ N 3 L 


3, 60 the leſs the ſecond Term is, in reſpec to the 1 8 


As in theſe 18: 6: 12 5 
That is, 18: 1823: 12 12 23·. 


But 1812321838 2. Viz. 1BX4=6X12, ry" 
Conſequently 2, 8.6. 24. And 18. 65. 42 N are true 


2 S - 4 7 | 4 . a 


: ape per Coral. 2. Page 77. 8 


From theſe Conſiderations, comes the Inventzen of finding « 4a 


fourth Number in Proportion to any three given Numbers. 
© Whence,it is called the Rule of Three. 


For if the ſecond Number multiplied into the third, be equal 

to the firſt multiplied into the fourth, it is eaſy to conceive, that 
if the Product of the ſecond and third be divided by the firſt, the __ 
Quotient muſt needs be the fourth Number. For if that Num- 


ber, which divides another, be multiplied into the Quotient pro- 
duced by that Diviſion, their Product will be 275 to 2 re 


ber divided. Sec page 21. $ 4 


As in theſe 2:8 :: 6: 24. OY TIN wg wo 
But if 24X2=48, then will 48-2224. Or 48422. 


Note, Any four Numbers in direct een ey wo Wer 


. ſeveral Ways. As in theſe. % 7M ; 


Viz. If 2: 9 50 6 24. Then 2: 6 87 24. f 
And 6: 2 : 2:8. Or 24:6 228: % % 


Tbeſe Variations being well under flood, will be of no ſmall 07 


in the ſtating of any Queſtion in this Rule of T bree. 


When three Numbers are given, and it is required to find a. 
fourth Proportional; the greateſt Difficulty (if there be any) will 
be in the right ſtating the Queſtion, or abſtracting the Numbers 


cout of the Words in the Queſtion, and placing them e in 


1 their proper Order. 


Now this. will be very eaſy, if it G un * ae 
always two of the three given Terms, are only A1. ſed, and aſſign 
or limit the Ratio or Proportion. The third moves the Queſtion; 
and the fourth gives the Anſwer. | 
As for Inſtance, if 3 Yards of Clotłr coſt g Shillings: What = 
will 6 Yards coſt at the ſame Rate or Proportion??? 
Here 3 Yards, and 9 Shillidge, "te two ſuppoſed Number 


chat imply the Rate; as appears by the Word [if] viz. If 5 5 
P 


Yards colt 9 N on come! the Queſtion) What wi 


6 Yards colt ?, 


+ ” # - 


8 4 e ng 
hape. Of Proportion, e. 9 9 
VVB. The Term, which moves the Queſtion, hath 3 | | 

| fore of thoſe Words befare it; viz. WAT WT? How 
Many? How LONG? How Far? or How MUCH &c. | 

Then carefully ob ſerve this, viz.) The firſt Term in the Sup- 
poſition muſt always be of the ſame Kind and Denomination 
with chat Term which moves the Queſtion. And the Term 


ſought will always be of the ſame Kind and Denomination with _ 
— ſecond Term i in the Suppoſition. 


n tl e eh n 


4 


— . in direct Proportion ene * three 
ſeveral Theorems. wn 


9 *þ $6 Multiply the of 2 third Term Fe hg 
| Leorem 1. ts and divide their Produf by the firſt Tow the 
Qvotient will be the . hon gt KN 


1 4 * ; F | = F 
l. il. 95 . 1 
"ks +: 3 $5. TG, | The Anſver, 4 1 
. . * « > be | 4 * V 8 


becauſe the ſecond Term ” 
3). 54 (18 Shillivgs, Was Shillings. '- 


Divide the ſecond Term by the firft, then. 5 


| Theorem = the Duatient into the third Term; and their 
* I. Produtf will be the at 9 


54. . 2 ſoil. : 


; SSIS 39 226. 
Thus 39 . Then $I perf 
| Divide the third Term by the fir then aul 


NN 3: +4 "the Quotient into the ſecond Term, and their 
Produt3-will be the Aen. „ 


11 b 
| 19 6: 189. 8 2 | 
Thus Sz 6 (Sx And gxXa==i8, Os „ 


84 
1 


= © Hows you ſee that all the three Thevrextt are 6 ually true; but. 
TEE the fr/-rs- molt generaly and uſually profiiſed. Yet the two laſt 2 
| may be readily performed, when either the ſecond or third Term _ 
can be divided by the firſt ; and will be found of ſingular Uſe i inn 
the Ruler . * &c. 8 ml APPERT he on. 2M 
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e.. Is Pounds of Tobacco cof e what vin 
© 1 half 2 hundred vg (VIZ. $6 Pounds) coſt at the ſame Naw? - Bog 
CRE 1 n ² 


9 " 
* .. 


4 
** _ * 438 ng : 4 41 : % * 7 
5 5 a * 3 . Sk eie . 


3 
. 4 > ö 5%, Se | #48, "4 , 
_- . 5 3 $3. C4 a 2 => a6" w 4 1 8 p . : ” 
1 * Y 4 0 7 1 N 
E Fl „ » — * - * 2 
ve d h , { | , . = 
" 7 Ev 2 » 

1 e K * 47 * 8 
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1 8 ei 5 784 (= 8 1 18s ds : 


= PT 3. i 14 Shillings's wil buy's 8 Pounds of ee how 
= - much will 4/. 187. buy after the ſame Rate? 


Stated PF. 147. : 8 Ib. :: al. W 5 EVE, 5 5 5 5 4 
> EST 8 0 57 784 (56 bb. The Anſwer. R 


Que J. Tf half a hundred Weight of Tobacto be 0 4. . 
. Jo-. 7 ouch may I buy for 14 ha 6 at that Rate 2 


ed 125 4d. 18788982. 86 lb. : 14%: 223 
"Then rech And 98) 784 (8 w. The Anſwer. 


EZ Suppoſe 40. 18s. will buy 56 Pounds of nero of 
what ain 8 Pounds of the ſame Tobacco coſt ? | 

$ This Queſtion is thus ated, 56 5. . 187, 96% 8 b. — 
Then 98x8=784, And 36) 784 214. The Anſwer. | 


4 . ho + Mete, The three laſt Queſtions are only the ſecond 8 
5 being propoſed purely . an Inſtance how any 1 8 in 
this Rule of The may varied, according to page 86. 


1 Nucl. 6. What will three quarters of a Yard of Velvet coſt, 
== When the Price of 21 Yards and a half is worth 22]. 10s. 6d. 
3 This Queſtion. truly ſtated will ſtand _ 196 0 AN 
5 Thus, 21 K h, 22). 10% 6% 1 To the Anſwer. 
Which may be found three ſeveral Ways, viz. by ReduZion , 
405 Vulgar Frafions; and by Decimals. 
AY 1. By Reduction. Bring the firſt and third Terms into one 
= Denomination „ viz. into Quarters, and reduce the ſecond I m 
=_ into its leaſt Denomination, per Sec? 4. Paggqn. 
"Thus 214=86 TK And 221. tos. 3 "eo ES; 5 
5 Then 86 3 $499 + : 3 : 155. 8334 For 5406x3=162a18. And 8 


„ 9 * > # T4 5 * OI Sh l 0 7 "ID * | Fi 3 yo 9 * 
i * a” TOR ey” A EEE ne hos eh 
9 9 vg 3333 N 5 
br 2 * 
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5 7. K 25 Proportion, 12 


And 86) 26248 188g Then 18832 Pence = 25555 Bo. 21 
N ; the Anſwer required. «4 
5g 2. The Game Queſtion ſtated in Fee, Fraftions. will, 8 | 
s 213 = 43. 2 22 33I>=>222 ::..3. : Gee Seck. 3. gr 59) Then 
{ Srl And 3 25 8 5455 pa 65, 56. . | 
2 4405 Parts of a Pound are brought into ens 1272 
Phying the Numerator with 20, and dividing the "gb 
nominator, Ac. 
Thus 5406x20=" 108120. And 6880) 108120 (164 


And there remains 4920. Again 4920X12==59040./ N 
Then 6880) 59940 44 and 10 as before. | | 


3: The Game wrought by Decimal:Fraltions will be 5 
214 221,5; 1 22 105. Cunz 25, and 0, s 2 
Therefore 21,5; : 22,525. : 056 * Anſwer... ates 
Then 22,525X0,75.= 16 89375. » 
And 21,5) 16,89375 (0,785.74. = 187 $a, 2 far. F558... 


| Oveſt.. 7. If 2C. 3975. 21, of Sugar colt 60. 17. 8% What | | A 
C . i 12C. 29rs. coſt at the ſame Rate? = 
Trkͤhat is, 20. 3975. 1 61, 42 aus 21 120. 15 . what? 


2 5 
4 mY dy Ls | 
* Bo „ 14 
e £5 121 4. | 50 grs. 
FFW 
7 Ti 5 7 : 2% 14005. 
23 r 121 | | — 


n 308. Fer ah 14504. :; 14005 — 
Then 14601400 = οοõο. And 32500 20 (621214. 
451 177. 87d. the Anſwer required. 2 12755 

The ſame Queſtion ſtated in Decimals will ſtand © | *  - 
Thus 2,9375 : 6, 833 : 12,5: To the Anſwer. . = 
Then 6,0833X12,35=76,047125 \ which being divided. by 
5 28,9375 will give 25,8863, c. the Anſwer in Decimals, Which 
| r into Coin, will be 25“. 17. 8 id. as before. 

Note, When'the firſt Term is an Unit or 1, emen 

anſwered by e eps _ 4 8 


Example. Suppoſe I vive p Shillings 4 As for one ad = 

; of Silvers What muſt I pay for 32% Ounces at the fame Rate? > 
| That is 3 Ounce: 5. 44. :: 324 Ounces; "Iv. &c. 
Which is ee Ne _ 1: 644: : 395: x. 5-To 0321 . = 


» £7 by 
fig 4 
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Then 


** 


* 
7 
S 
* 
7% 
I " 
* 1 
e $ 
pe” 
1 
1 As 


—_—_—. 2 
r 
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For I 54 multiplies nor di 


2;3X64=2080d.:=8]. 134. * the Anfwer required. 


When the ſecond or mund Ten is an Unit or v ther the 
Queſtion is anſwered by Diviſion only, As in this Kan ample. 

Ik a Silver Tankard an? 210 j, Coſt 85 197. What 
in wk en 


Thus 21 g.: 5& rg. Trg. 3: 7 11 the abe. 
That is 23), 5% 3 0 


The Proof of all Queſtions f in the Rule o Three Dired, may 
be eaſily. conceived: from what hath been ſaid; viz. 
That the Product of the firſt and fourth Terms, muſt always 
be equal to the Product of the ſecond and third Terms. 

Or otherwiſe, by varying the Queſtion, sin the ſecond, 


few Queſtions 
andtheir Anſwers; Teavingtheir Work for the L. rnersPraQiice 


veſt. 1. What will the Carriage of wp 39s: 11S: come 
. Rate of 75, the Hundred? 


5 8 Anſwer 6L 4. 1140. 


Queſt. 2. If if ct. 4. 117d. be paid for the Carriage of 17 C. 
37777. Kab 5 What was paid for the Carriage of 115 
Anſwer 3 Farthings. 


third, fourth; and Hfth Queſtions. 


.. I ſhall eoncluge this Section with inſertin 


—— - 


Que 3; Amer beugt © 1 x gr. 145, Weight of Clover, 
at the Rate of 25. 4d. per Pound, and fold them for 521. 147. 


Whether did he gain or Joſe by the Bargain, and how much ? 


Anſwer he gained 81. 125. 


? 


Qu at A Eien bought of a Merchant eight Packs of 
Cloth; every Pack had four Parcels in it; and each 9 _ 
tained ten Pieces; ; every Piece was twenty-ſix Yards; he 


after the Rate of four Pounds ſixteen Shillings for 6 Yu. 


a and what were they worth per 
ar J oe Sos n 


5 TOP" came to 66561. And were worth 16s. per Yard. 


Queſt. 5 ds rn bought 436 Yards of Broad Clath for 
FR Gd. per — ſold it again for 105. 44. a Tard. What 
* he gain by the 436 dens 
22001 Anſwer, he gained 39 135 7 
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91 
Ovefe.6. AGo 14 bongta We eof Gold; which weighed. 
N 1455. 3oz. Shu. or $14) 46 


per = 
Que 7. Win will n u 79% . A 
GO IN * een een itil ai rer "Aj 
eft. 8. Ei fe Weeks ſpend _ x chars pr ; 
, e in four one 1 . will 
885 laſt at that Rate? i 9 . 
7 Ane. 6 Yeats, 47 Days, esd 
Queſt. g. What will che one - eigth Partot A AHI: worths. 4 ; 
when the half js yalued at zorg r. ee ano! 
Aube. 2530 177. 6. 
10. The Sun is i ylcleratone entire Revolationg 
bos 360 Degrees) in the Space of 365 Days, 5 Hours, 48 Minutes, 
well Seconds of Time, ca nn geg wy How: 
doth it Hides: in one Day? "Py 
31 3H Anſw. 720 22 
Ne. rx; If fn Yard of Velvet coſt 2 of Point Sorting 
What 1 a Yard oft of the fams Pete mat ned 
31 * T I's. 4. #2 
2.8 24. and zeec Pound Stevling will 
* 245 as pe a Yard of Cath, How much will; 107 2 


ard coſt at that Rate'? . ai S 
| Anky 2244 of a Pound git 4 14 
ne Ker | * ; — nr er 


Sec. 2. RavePaoeas Nane called The 
o Rule / Three Inverſe. . .. 0 3 


Ectrxocar PkororttoN is, whereof four Numbers the 
third (viz. that which moses the Queſtion) beareth the 
e Ratio to the firſt : As the ſecond does to the fourth. 

T 1 the leſs the third Term is, in reſpe& to the firſt 3 
neee 3h enen 
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N. ixzen Men can do Piece of Work in-x J How 
— muſt eight Men — the ef k, - 

ate of working? 21% 
e it is plain chat eight Men moſt ele have more. Fins | 
than 16 Men 3 Maggs 
. | e 


k \ xx 
; . MN WOE 
IT” TORT OO 
TAY 3 1 aa . 


Nn Tera b. in 4 ihne teller vill the 
fourth Term be, in reſpect to the ſecond. io s $3832 Ck 
 . Exemple 2. If 8 Men can do a Piece of Work in 12 tart; 
How many Days will 16 Men require do the fame Work ? 
HRere it is plain the fourth Ferm muſt be leſs than the ſecond, 
_ - becauſe 16 Men undoubtedly can do the Work i in leſs Ti ime 
4 4 ; than 8 Men can. 4 bageſt 200 2154 4 If - GOT a. TY 8 a 
From theſe Conſiderations, compared with thoſe in page 8 Jie, 
will bezaſy-to perceive, whether theT erms of any Rees 9 
art in Direcf or Reriprocal Fropor tion. 
For when, according ta the Irue Meaning and * of. any, : 
Dueftion3u Fryportian, More requires More, or Leſs 8 
7 tbe: Terms are in Direci Frapurtion; at in this la Sechion. 
But I More neguire Leſs; or Leſs.require More (as d ben 
the Terms, iuill he in Neriprecal Prapertion.. 
The Manper of placing down the propoſed. Terms is +4 ſame, 1 
in both Rule, viz. The firſt Term in the Suppoſition muſt be 
of the ame Kid and Denomination with the third Term which 
moves the Qyeſtion; and the Term ſought muſt. be of the ſame 
Kind and Denomination with the ſecond Term in the Sapa | 
N Bo tion. As in the two laſt Zxomples. ban 2 0, n 
; * 10 + fiiw mow Work ARYL 10 dies Days 1 Wer | Days. | 
| ... 16 26 1422 3 
N This, 3 2.19 N witer 8 12 


1 — end nt, obſerve this Theorem. _ 
4 Multiply the fi ſecond Terms together, and 


Theorem. J vide the Prout by the third gms the 9 


Loui be the Haſte Feguired. 
F: $3 Thus. in the ſecond; 85 e ple 12XB8=96... LE TOE 
Then 6) 95 (Es Days, me 8 e 4 
That iss Men way dle awe Work in Dayza58 Men. 


ea do in 12 — 
No the Rea bi þ this. . (and 25 7. 06 of Be A 
2 Theorem is grounded upon this Conſideration ; viz 
1 require 12 Days to do the Work, it is plain chat one Man — 
—_ require 8 Times 12 Days=96 Days to do the ſame Work; but 
it one Mandan do it in 96 Days, moſt certain 26 Men can LE 
nm dne 6th Part of that Timber: Therefore 96 divided b 
wuo.ill give the Anſwer required, viz. 16). 96 (6, as, before, Ho. 
Ae zu Suppoſe goò Soldieto ere beſieged in a Town, and 
eit Victuals were computed to ferye. them two Months (or 56 
Day) How many of thoſe Soldiers muſt depart the Garriſon, that 
me F may ſerye the remaining Soldiers 5 ond N 
1 6 


MadatC 
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$6 6 1 4 
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118 Ow abi n 
* 8 3 * * aig r 
8 888 q Ld 7 
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N * 25 
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"of Proportion, Ee, 2 


The hd ee. N 
Mont hi. Soldiers. Months. Caldier s. 
Thus 2 : ' 800: 3 ;  — 
K 2 ; . Ta 3 9 + 0 8 x 
<3 60 1600 (320 : . many Sithen may fa 83 
Garriſon, 


"I 800—320=480 Soldiers that muſt go Gut of. 
the Garriſon, which is the Anſwer required. 

2 4. 4 borrowed of his Friend B 2500. for fix: Months, 
prop ing to do him the like Kindneſs upon Demand: Some 

ime after deſſres A to lend him 400l. the Queſtion is, — 


| long B muſt Keep the 400d. to be fully n 2 vi een 


N to 4 ora £2þ 
Thus 2501. 3 6 Months ; 5 400k. een 6 © 
$6) % + — T 1 7 9 | ' | 
LY * 1 (F4 ' 5 Oe 24176 do 
2 EP 1 Gi #8” -RFIGERTY 1 44. Ita 
? LY g 6) 4G Ai W 0 * 1 a 411 
2 Den! in one « Month, to ee NS 
of nn 


221, 2 7 Y (21 Days Aube 3 Monday 21 Da 

Queſtion 5, If a Penny White Loaf ought to weigh eight 
- Ounces Troy Weight, when Wheat is ſold for fix Ore 0 
Pence the Buſhel, what muſt it An when "Gina is- 

our Shillings the Buſhel? _ * 

hus 6s. 6d. rn: oy 3. 80x. : 12 asi. ; to the Antwer, 


4 
ad 
. 


Ns 
WT 624. 18 the Anſwer required.” | 
x 1 9645 . : | a 
144 1 N ern 
W 2.60: SHE eee Wh 
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(0). 

The Proof of this-Inverſe Rule is eaſily e FRAY its Ope» 
rations ; viz. The Product of the firſt — ſecond Terms, muſt 71 
be equal to the Product of the third and fourth Terms. 

Note, Any Queſtion that falls undet this Inverſe Rule or Re- 
eiprocal Proportion, may be ſo ſtated as to have its Terms in 
Direct Proportion; by only changing ihe Places of — 
"Terms: in the Queſtion, Thus, 


* 
* 4 7 * 


Pan * 


"Dueſtion b. If a Field: will feed Adee Heefes for ſeven 
Weeks; how long nn Fat 2 at the ſame 
A Rate of feeding? | 
| 3 = "Firſt, 18 Horſes: 7 Weeks : 42 . 3 Weeks. g 
| Here the Terms are ſtated inverſely, as * 

1 65 Other wiſe thus, 42 Horſes: 7 Weeks :: 18 Horſes: 3 Weeks. 
_ 1 | And 1264 Weeks. The Anſwer 
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Ses. 3. . Courovny eren ion; — called | 
Rs: The Double Rule of Three. | 


1? 1 


Wo 1 paoronrion las it is hey FR is what 
_ there are five Numbers given to find out a ſixth Proportio- 
8 E nal; and this is generally performed by a Double Poſition; that is, 
dy ſtating and working the Queſtion at two Operations, either in 
Des or Reciprocal Proportion, according as the Queſtion re- 


ures. 


Ad therefore it is called, The Double Guide Raile, or Double 

Rule of Three. . 

_ . The Double Rule Dire& is, naps the nich Term or Num- 
ber ſought, n by two 1 bath of them in Direct 


tion. 
ample 1. 11 a „ Hundred Pounds fr Pounds ee in 


twelve Months; how much will three Hundred dun W 
nine Months at the wes Rate. > 


S. 4 149 2 44 


Firſt x00). : 67. : ; 3ool. 187. os 


- hs 


#33 as 


5 1 
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9 5 ps; i Too) 1800 (18). Fs The Intereſt of 300. 


for twelve Months. 
f Months.”  ,MMontbr. S 
| | * 12 : 18“. :: 9: 13. 109. 
| RG | AN 


= Co 1 a | 
A 7 162 631. 105. The Anſwer required. 


** 


_ #5 * ng | 


1 8 W will eabily conceive the-Reaſon of theſe. 
ws Operations. For, firſt it is plain by Direct Proportion, that 
t ro gain 6ʃl in twelve Months, * will gun ec in yori 
a and at mn eic 
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And by the ſame Rule it th plain, that if 12 Monks wil | 
produce or give 180. Intereſt for 300l. theng Months muſt needs 
give 133 for the'ſame Sum, vis. 300d. Ro 
The Double Rule of Three Inverſeis, whenthe fixth TO 

or Number ſought is found at two tions (as before).- ow 
one of them requires an Anſwer in Reciprocal e | 
Queſtion 2. It 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, 
How many Days will 21 Dae ſerve. 16 Horſes at. the ſame! 
Rate of feeding ? | 
. os Dyeſtion being parted into' two Poſitions, the firſt wilt 
be thus: 

If 6 Buſhels of Onts will ſerve 4 Horſes g Days; How many 5 
Days will 21 Buſhels ſerve them? | 
Here it is plain that 21 Buſnels will ſerve them longer than 
8 Buſhels ; e the firſt Poſition falls in Direct eue 6 


| * Days... Ba. Days... 
: © Thus, 6 : 33 
: : hy” | 2 
6 168 (28 Bar „ 


That is 761. ei ſerve 4 Hor/ 6 IN 21 Buſhets 
will ferve them 2 ; 8 | 


Ihe next Poſition muſt b gk 21 Buſhels | 

will ſerve 16 Horſes at the ſame Rate of feeding: it is plain, 

that 21 Buſhels cannot ſerve 16 Horſes fo . s _ as — 

will — Horſes; therefore this a. aa | 
* Hoſes il "Dax. "He ; Dy 

fer. or SEM. 

Thus, wy 24 2 2 The Anfwer r 


Aber the like Ade ny Waben ie . Rule of * 
Three may be anſwered by two ſingle Poſitions, if Care be taken 
in ſtating them right, viz. Whether their Operation muſt be 
Tan by the ſingle Rule Direct, or Inverſse. 
But all ions in this Double Rule, where ſive Numbers are 
5 nd a ſixth, may more eaſily and readily be anſwered 
A Theorem; which compriſeth both the Direct and 
. les; without confidering either of them being deduced 
from the ſingle Operations before-going./ 
But firſt you muſt carefully note, that i in all Queſtions of this 
INS three of the five © propoſes Terms are always condition 
and 
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had ſuppoſed ; and that the other two move the Queſtion. As 
for Inſtance in Example 1. 


E f Vi. If tool. will gain 61. in 12 Months; : theſe three 25 


by 13,5 The Gain. ſtion lies. 


or f That is, tlie Product of the Extreams is equal to 
Ergo = "S- that of the Means. 0 


PI e Opt is the Theorem. 


This Theorem 5 two Rules, by which all Queſtions i in 
this Double. Rule of Three, or rather of five Numbers, may 
be reſolved; due Regard being had to the true placing down 

of the propoſed Terms, which muſt be thus: 

Always place the three conditional Terms in this Order ; let 
that Number which is the principal Cauſe of Gain, N or 
Action, Sc. (viz. P.) be put in the firſt Place; that Number 


Mo 
. 2 8 —— PET 
- I — TS 
2 — : 
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, 7 * 
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— x 
- "FW N 3 
9 
3 


1 (viz. T.) be put in the ſecond Place. And that Number which 
is the Gain, Lofs, or Action, Sc. (viz. G.) be put in the third 
_—_ Place. Now according to theſe Directions, the conditional 
Terms of the laſt Queſtion will ſtand thus; P. T. G. 2 
That done, place the other two Terms which move the 
9 underneath thoſe of the re e 4155 b 


1 5 7. F 
= CLE P. . C. 


= are only ſuppoſed or conditional. Then comes the Queſtion ; 


What will 3oo!/. gain in nine Months? Now in Order to raiſe 

1 the general Theorem, let us ſuppoſe, inen of Numbers theſe 

Letters. 

1 P =100, The Principal. In the Suppoſition 
* ' Baa Viz. Let $T= 12. The Time. of any propoſed | 
= þ = 300. The Principal, The Three Terms 


Aud, „ , The Time t Que- 


8 3 The Product of the two Means divided b 
r enn 
; | | 300 X 6 (Which is the 
. That is, 109: 6:: 300 — = 18. firſt Part of the 
0 JC Queſtion. 
—_ 4; Roe | Which is the 
= 1 Then 7: PF. =. 72? : ſecond Part of 
q Fiz. 12: 18:9 1355 the Queſtion. 


which denotes the Space of Time, or Diſtance of Place, Fr. 
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8887. Of 22 3 90 7 9 


1 "ig Days. Bu 


| Thus 4X8X21=672 eDfridend. $48 
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| Thi he kg Te foght hte th and Plc, 
as in this Queſtion, + x " = 


u will be {S22=g. Which gives this Rule: 
128 Multiply the three 183 together for a Divi- 25 
| Rule 8 | 


x 7 
8 

* 4 
= A 
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dend, and the two firft toget ber for a 2 z the 
Quotient ariſing from them will be the ſixth Term, * 


ee e 2 


— "wo * 
4 * by * E CC, - 


Thus 6X300X9==16200 the Dividend. 4 
And 100 2 200 the Diviſor. 5 To 
- Then 1200) 16200 (13% the Anſwer, as before. SY 
But if the Blank or T erm ſought, fall under the firſt Places 


then | D 
3 will be Ter 


Or if the Blank fall under the ſecond Place, _ win et.” 


= wil be {E 7 Either of theſe 3 go this Role. ' F a 


| - L 1 

| Multiply the 8, FER and lf Terms together | b 
Rule 2. 4 Dividend, and,ihe other two together for a Diviſor z © 
Libe Quotient ariſmg from them will be the fixth Term, 


And becauſe our Example 2. falls aud the Conſideration both - « __# 
of Direct and Reciprocal Proportion, let it : here PRI 
in. 
i If 6 Buſhels of Oats will ſerve 4 Horſes s Days; How * 
many Days will 21 Buſhels ſerve; 16 Horſes, Ec. —_— 
If the Terms of this Queſtion be placed down as . 4. — = 
refed, they will ſtand = 


= * by 


a "erm ere 


8 21 | " 


I 


* 


"This 


"i the Blank falls Ader e Place, therefore i it mum 
© be found by the ſecond Rule + L 


#5 


And - 16X6=96 the Diviſor, 1 by”, «3 1 


. 1 n F Sl 
Lads cadres Gs 


* : "Y * q 
6 2 96) 298 (7 the Anſwer, us befor. _ 
TH” * O 1 : 1 
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3 What Prititipal <6 8 Months | 
at 9 Cent, per Annum? © n 5 
Prin. Time, „„ oF 
od ©7306" . . 6 Dame in the Soppoſition. | 
8 _ m6 20 | 0 
2 In his Queſtion the Blank falls under the firſt Phee, there- | 
: * it n er- * the Tat Tas: PRA AY 
; * . e | an 7 ¹ | + 
100%12X20==24000 hh eee 3 3 N 
And e the Die, lect 
. Then 480) 24000 (500d. the A . 1 r 


p "he Proof of all Queſtions in this Double Rule of five Nat. 
* bers, is beſt performed by yaryingthe Queſtion; viz. by ſtating 
it in another Order, as in the lalf Example : Thus, 

It 100 l. gain 6 in 12 Months, What wilt 50oJ., Bain in 8 
Months? 1 

The Anſwer to this Queſtion * de ol. i, the Work O 


0 the laſt aca: de true. 


* 6. 2 
Sin ef 70 1 5 | 1 1 25 then, pe Rate 8 


9 eee And 100 21200. 3 
. Then 1200) 8 (20/. the Anſwer, 6. 2 
* N 1 
Que. 4 IF 2 Men can deo 12 Rods of Dite Py 
How many Rods.may be done 52 8 7 in a4 Days, at the 
lame Rate ot: ES 5 
5 "=; Abb ene, . 


22 * 5 2 4 4 
2 2 . * . Wd . ®, 1a, a * 
F 5 * = {I EST TL PIR 
1 2”, 7 2 7 L 
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A 4 4 2 — ue 128 * pe 2 

« . * 28 2 x = N 3 2 — * * dad Ladd 4 * F — hs. 4 — = 

ACE tabs 2 n 9 wma Z eee 

vx WO Ws 2 8 3 3 % SOR a N Z 3 
* af Wn r WH * Y K. o q a 8 - wy . 32 r 1 

a EY : EY — 2 r 
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BEE 
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38 * 
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1 "Ts _ If the 8 if 5 1 1 . Weight," 150 Miles, 75 
. *coft 2 75. Ad. What muſt be Ii the. arriage of 7 C. 
; - 125 kd Ib. . hah at the ſame Rate? 
4 Anſwer, 1 187. 744. + 


16. If $M deſerve al. W. for ; Days Work, How 
ill 32 Men . for 24 Pays, at ” the ſame Rate? 
| 0 Anſwer, 38/: 87. 
4 250% 5. 8 A 047 Pound e the * 
yur of five Men for twenty-two Weeks and fix Days, How 
ong would twelve Men en of one r 7 Ry: by 
pong at ow 4 0 r | | "2 
. Aver, 14 Weds anda Pays bl 
| 15 CHAP. 


d= f A 
© ty 9 * 1 2 * 


Rule of Fellowſhip. 1 
- Fas 1540 * n 7 xo n e * a 
. * A P. VII. 115 3 N 


5 my : of Trading in 8 fall called . 4 et 


3 als Dae 2 Eichen of Cuins, & Ec. 
g ö £34 * 1 . 


* n 


8 ſeveral Partners trading in a Company, are ſo adjuſted or 


or Share of Money he hath in che Joint-Stock: Now 
Felloy 


* 9 44H. * 5 a COL 


= 3 1. The Sixers Nan OF alto went, viz. Tha 
| * "without Tine. 


B te Single Rule of Fellywſvip. is adjuſted the was of 


thoſe Partners that put all their ſeveral and perhaps different 


Sums of Money, into à common Stock at one and the ame 


Time; and therefore it is uſually called the Rule of Fellowſbip 
without Time: Now al}Queſtions of this Nature are anſwered 
"UW ſo.many ſeveral Operatians in the ule ef Tbree Diretly as 
there are N in the Stock. . . 

For, as the total Sum of Money i in 189 goal is it Proporticatto 
the whole Gain, or Loſs ; fo is every Man's particular Pa; 4 .of, that 
"Stock, to bis particular Share of that Cain; br LA. 


Well 1. Three Partners, ſuppoſe. A, B, ah 2 make 6 \ Jouls. | 


Stoe of 950. in this Manner. - 


"961. they Trade, and gain 1 27. It! Is MP to * * Man' ; 
* Part of that Gain. ( 


The Operation wilt ſtand, bus r 5 . 
N E Se 
| _ Z 220. 1 $i - 2 __ Part of 15 Gain. os 
Proof 31. T4. ++gl,=12). bo whole 3 . 


T hat is, if the Sum of each Man's particular Gain, amount to 
the whole Gain, the Work if true; ; if not, Jome Error is committed 
0 which * e o 


Note, Operatiotis will be very much | abbreviated 
you work them by Theorem-2, page 87. For here 96 is a c 


three r 
3 | 5 0 Fas e 


HE Rule of Fellowſhip: is that dyy Which the Accompts af” 4 


made up, that every Partner may have his Juſt Part of the Gain, 
or ſuſtain his juſt Part of the Loſs ; nctotding" to the Pro 12 * 


falls 
under two a+: culled, the Single De N of 7 


4, puts in 24. B, puts in 320. and C, pe 40% with this 


mon Antecedent, ang 12 I, the CODE ER in al} the 


n - 244 * be” : 
SINE 4 + TY Teo; 
Woad x 2 
Y 1524 * ＋ as? w, — 5 * * 
N 5 
N 7. 
n . * 


9 eee 1 $0-125 5 iv common Mukiphcater, 
Then 244 = * FANG 31. A.) 
3 OE 41. 7 for JB, ee „ 


4 " | 4 £46 4 r —_— 
„ ue 42 8 4 N 0 & * FR. * C \ if. path, : ... - * ot : " * 
75 # * E 058 40 5 Ss 5 5 «I * 4 Ty # Pk MF" FR, 4 OE, * _ 7 * 
* 8 o * 3 * 


Nos this Method is more readily performed than the —— 8 

ially when the Partners are Weh ; becauls one: 2 2 5 
1 8 Nieten free ur all he Wet. rat An 

1 i n 8 
8 . 2. Three Merchants, 4 5. and G freight a Skip Wo 

248 Fun of Wine: Thus, A, loaded 98 Tun, B, 86 Tub, and 
0564 Tun. By Extremity of Weather the Seamen were forced | 
to caſt or throw 93 Tun, of ir oyer-board- How meal of this 
Loſs muſt exch Merchant ſuſtain? , | Lt, 3 


Firſt 248: 93:1 0,375 the.common Multiplier. 


Then 98) .. (3675. for A's}> en 
bs, . 86 X0o315= ) 32-25 for Bet Loſs, 
155 6490 2 5 n 5 | 


; **, 2 - Provf '93-00=2the whole Loſs. 11 


3 . 13 *. if 8 were to find how — &* the remain 
| B 5 by Wine that was ſaved, belongs to 4, to * and to C. 5 


3 eee 3 ee, . 5 
= * „ 1 B6—33,25=53975, belongs nd be A” 


+64 —24,00=40,007 © „ GEES 1, 29-546" 
=, That i is, A; ought to have 61 Tun vol 63 Gallons. B, ought 
to have 5 Ton and: 189 Gallons. And "ys _— to have 40 
Iaun of what was left. 3 


5 =. 5. N N x35 


Oueſt. 3 | Sap ſe 6 Men, vis" 4, B, 6D, r. make 
1 Jomn-Stock 0 2599 7 ö 8 


Ma 2 


2 J. +» bes, . 12 
| 185. 10 684,0 Weg N 

1543 152343.75 : F 
- 1480 e N . 
254 . 10=2254,50 1 1 * 1 + 
.. ᷣ . = 
- 260 , 008=260, 09 01. * 2 7 % * 
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| 8. Rule of Fellowſhip. - ror 
a 4 9 "I" 
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With this Stock of 2868“. ny Trade eighteen Months, and 
gain 837 L 75, It is required to find every Man's Part or Share 
M ü ͤ , es 14 
Note, Altbaugb the Time of Trading, viz. eighteen Manths, be 
mentioned in ibe Queſtion, yet it is Kay 55 concerned in anſwering 
of it ; at ge¹ may obſerve in the following Mort. * 


3 : 831,35). * ½ 0/325; Decwel Parts 
uently, 14. : 0,325 : >; 654,45 : 212,7125. | That is, 


- 
- 
PE * * 


- e 654,80 2124712507; -» We 2 
l 23 1 3 * . 
480,00 156,00000 | - I 23 
254,50 NEE -—$2,71250 for . *: 
3 RR  - | 1xF,70625 | 
+» 260,00} ’.i- ⁊᷑⁊w 8400609 /.. 
That is, 4 {812,7t2z50=217. 14. % % ͤ 
B 1 176,71875=176*. 24 . 4 
C 186, 0000 156. 00 % 
; D fin 82,71250= 82 14. 03 
f EI Ju, os 118. 14% 014 (EN 
r $4,50000= 84. 10,00 _ + |. 
r n — — — eos e : 
| o Proof, 1 Sum 931535 ** =831..,07 . oQ bo $1 M44 155 5 2 2 % m7 
I have omitted reſolving this Queſtion according to the uſual '/ © 
* Method (as before directed) of finding every Man's particular 
* Part of the Gain by the Golden Rule, as in the fiſt Work of 
Example 1. leaving that for the Learner's Practice. 
4 OY 5 R a r A | 
Sec. 2. The DounLs Rus er FrILOowskitr ; er that with 


* * is uſually called the Double Rule of, e becauſe 
2 every particular Man's Money is to be conſidered with R- nl 
6 lation to the Time of it's Continuance in the Joint - Stock. ' _ 


"© i A, and B, join inPartnerſhip upon theſe T 
wiz, A, agrees to lay down 1000. and to employ it in Trade 3 
5 Months: Then B, is to lay down his 100. and with the whole _ _ 
Stock of 200l. they are to trade 3 Months more. Now at the 
End of that Time, they find their whole Gain to be 211. Its 
required to know what each Man's Part of the Gain ought tobe, 
decording to his Stock, and the 'Time of employing it. . 


* 


- 
= 


* men is bot e to conclude, int if, dught to gain 

more than B, notwithſtanding their Stocks of Money are * tk 

| becauſe A employed his Money a longer Fime than B. 1 

No for reſolving of this Gveſtion, let us ſuppoſe A's tool. 

9 e the firſt 3 Months to gain Zaza Sum as yet unknown; 
then it muſt gain 2 in 6 Months; and to find what B. muſt , 

| * it will be, — 8 „ 

f 9 8 . 15 1.2 1 4; „ * "I N 2 


1 e 7ͤ +448 EE 


FE Na 7 Gain added to Vs Gain e thee whole Gain Fl the 
| Queſtion. 5 3 
„ - Therefore 2 24198111 o 


oo 1 


That! is, 100K Z ioc gx dens, | 
Which contracted i is, g00X2 Z=2 ixboo. "Pk 


* Conſequently, WI In gives the following Analg ; 
900 

* Viz goo. 71 ue: 2 214, fer 4's Gain, 

And 990: 21 5 D eat 7¹ for B's Gain. 


BEE Now this Way of ar arguing g hath not only reſolved the Wen 
Queſtion, but it alſo affords (and demonſtrates) a general Rule 


= - for rat. all Fog re of ard Pr be the Partners Wer 


—_ 


. 


= 


py - 
— 5 .F 


I 


=. 85 *  Multiply- every 3 Aan Stock, with the Tine | 


WET 


RS it is employed, then it will be, as the Sum of all thoſe. 3 
Rule. eg is to the whole Gain (or Loſt). Jo is every - | 

a 1 aged 2. oy thoſe Produtts ; 3 #0 its proportional Part YE hat TY 

; ED, * whole Gain (or 10% bn | Ly 


Op. Eh 


I 


Susie 2. Three Merchants A, B, — Ge enter into Part- 

b nerſhip, thus; A puts into the Stock 657. for 8 Months; B puts 
in 781. for 12 Months; and C puts in 847. for 6 Months. 
With theſe they traffick; and gain 166“. 127. It is required to 
ant eath Man's 8 of 3 1115 e to the Stock 


by o — — N 77 . 7 

* 1 = * * En . — 

, p \2 = 2 0 f 

5h We * Fy ” _— N 

wy f « | 

* . 8 » k s > "hs r 

A f . p Y l 4 F 
9 > ba, 4 wm NE « id 1 a Y 2 * — , WEN 


7 1 «> 8 : 2 * 
FM 
/ 


1 3 (6 RO 

| , ik 7 Stock 75 * mop 11 W 

0 54 6 F 
ene 1 : err of thoſe * is, 1960 


* "$4: MA 


5 to the Rule, the ſeveral Proportions will 


| land thus, 8 2 A 
. 1 320. 442084. 8 8 * * * 
: = 1966-2 My 166, 6 : 1 36, 79, $6=79/. 115. 244. \ for + W.- '£ 
| 15 42;84=424. 16:5. 934. . 
; 81 "*" ©" The whole Gain=166/, 12% 64 . 


' WH. 


, Thus. 1960: 166,6::2: ak the.common Multiplier. 


| Then 320) 44,2 A. 
3236 x0,085=4 79,56% for 2 TE dende. * 
— . een * 2 


* * ** "fe ener eooants or 


veſtion 3. Six Merchants, viz. A, B, C, D, E, and F, Wan, 


into ine, and compoſe a Joint: Sek in in this Manner: 


1 
8 


= . They traffick, 3 gain 
find every Man's — of 
and Time it was employed. 


_ WES theſe following We | 3 uh 
| „„ 8 


„— Lo 7 IS A720 
Stock 100,00x8,25 ile Time it aua em- | 825,00. 

do, o, plojed= "" 966,00 
74, X, Y 


r * 


„ce enn 
a — > 


„ -S., ——— 
6 , * . n en 


— 


Or 4 may Ls as. in Ene of the 2 Examples, viz, 'D 
finding the proportional Part of the Gain due to one Pound, Sc. | 


12 18, 47d. lt Ys 3 8 
S according to the Stock 


„ ſeveral Stoc +: Money, and theic xeſpeQive Times 
7 | being firſt brought into Decimals, and then en toge- 


e,, ß 


| 708,70, 


oo ES. 4 


{ r 4 
* 8 p . 799 5 j 
. 1 4 I 2 oy F bk 

* * — o 

„ + 1 x 
_ 1 7 . l 
1 4 _— 
9 9 * 


/ 
\ ia 4 


by O * 2 * = 
* * * * » a * oF. ? £0 4% 2 5 5 n N , *** : 
e . * 3 ”, 4 4 < d 17 1 * * T7 
* % 7 = « ” Low ** N 2 4 ED 1 * „ $4 54 a” 1 N * * 2 5s 
F N . pF +1 ©.» r * 
©} TELE DL NEE +5 , * = F 9K 2 0 af N Be 6 - 
R F . was 1 Pe Io LE. N 9 
. 4097. * * 4 LIP * ng TE =» 
1 
= 


n 2 Part L 
5 Then r you: work by the common War; i will be 
442, : 25891875: 290,25 : 18,140625=18/. +a 
Fart of the Gain; and fo on for the reſt. x 


But if you work dy che eaſieſt Way VIZ. nr 
_" proportional Part of the Gain due to one Rant“ 6 


=. N | "i T7 Thus 442,7 258,91875 166625. 3 
mn e eee, 
= 18 1210 oz 09 ] | 

* IP | 29831250819, > 10... 074] 

* i 8 :375000=60-, 07 . 06 (* « 

„ © | 44-293759=44 -.05 0 Jah 

_  U$5,015625=55 . 00 . off. . 


WWW WW the wor 


mai WAN waar aca; art ſufficient to 
_ Pi of the . N pl 1e Be.) 


3 850. 35 07 Baneiog, 


I a= Merthaaths or Tradeſmen) exchange one . | 
_. modity for another, it is called Bartering; and the 
dolly Difficulty in this Way of dealing, lies in duly proportion- 
ing che Commodities to be exchanged, ſo as that pes Py | 
way ſuſtain Loſs. | 
= _—_— 8 Two Merchants, 4, and B, Barter ; | 4 would” 
exchange rt. 14 lb. of Proper, which is worth 3. 107. 
=. - der C. "Sith B 70 Cotton, worth 104. per pound Weight; bow 
much Cotton muſt B give to 1 for his Pepper D. 
NM ote, In order to the-reſolving of this Queſtion (and all * 
 _ Oueſtions of this Nature] you muſt firſt find, hy the Rule of Three 
= (or otherwiſe ) the True Value of that . whoſe Quantity 
1; given (which in this Dueſtion is Pepper). And then age bow 
much of the other Commodity will . fo at Sum, af the 
Rate propejed, * ara; 
; Ln s C. 39. 1g J 8 ww” 4 4 4 | 


And * 10 oc, ==3,500 
Then, 1. * 2 5.875, -3 dt I 115% F the une Value 


= gory lt is eaſy. t eie that ought to have ad much 
2 Cen at rod. ee e eee RO. 
rs. * . found ; 


= tb. : : 400. 11% e 4935 1b. 8 


"2 * * — 4 YT 2 155 2 * N 7 
. * r 
4 * $4 EY e 
EE 3 
= : 7 


bat is 4 9 197. 171 ons of Catton. And ſo DT B muſt 
by - give to A in exchange tor his 5 C. 3 f. 141b. of Pepper. . 


| Dueſtion 2. Two Merchants, 4 and B, barter thus; 4 hath 
306 Varqds of Broad-cloth worth gs. 2d. per Yard ready Money: 
but in Barter he will have 115, per Yard. Bath Shalloon wort! 
 »s. 1d, per Tard ready Money; it is required to find how man 
Yards of the Shalloon B muſt give to A for his Cloth, to make 


His Gain in the Barter equal to that of A's. 


The Method of reſolving this, and the like Queſtions, differs - 


a little from the laſt Caſez for in this you muſt firſt find what 


Advance g ought. to mak: per Yard byon his Shalloon, in Pro- N 


; portion to what A bw done upon a rd of his Cloth. 
Thus 4. J. 4. d. NS r.. d. 
vi 2=1 ig 11132 : 2 1=25 : 2 6230 


the Advanced Price for a Yard of B% Shalloon. Then proceed ; 


as before in the laſt Example. 


Thus 1 Yard ? 11 ;: $6 Yards :9469=47. e. the ads 


| vanced Value of all the Cloth. 


Next, If 27. 64. Will buy one-Yard of Shalloon, at Its ad- 


vanced Price, how 8 Varg will 471. 6s. buy. 
Thus 2,5 : 1. 378,4 a ; 


at is,. B muſt pg 785 Yards of Dis Shalloon to A for | 
 - his $6-Yardnof-Bawadle 4 


th. 


Theſe two Examples are cuicicht to 3 the n that 


the Method baytefing, or exchanging Commodities for Com- 


modities, hol ends upon a clear Underſtanding of the 
c — Rul# z eh anon is 1 called, becauſe of its b 


Ma. FS Acts p | — 8 dane. Sed. 


Sect. x N . IIRT Cater 1 


Xchanging the Coins of one Country for thoſe of another, 
is. like the Buſineſs of bartering Commodities. That is, 


it conſiſts in finding what Sum of one Country Coin will be 


_ equal in Value to any — Sum of another Country Coin. 
And in order to perform that, it will be very neceſſary to have 
a true Account at all Times of the juſt Value of thoſe foreign 


Coins which are tobe exchanged, as they are compared in Value 4 
5 With our Engliſh Coin. 


I fay, at all Times, becauſe thi Par of Exchange (as the 
Mardhunts' call it) differs almoſt every Da change (8. to 
ther Countries. That is, it riſes and falls, according as 
Money is plenty or ſcarce ; or according to the Time allowed 

for "Del of the Money 3 Ce. 


ce kae et Feber, 1205 


Py 
1 
— - 
ON 


= 
- © þ 
6s. - 


"al "Wa ” 


* Thoſe that Jefire to be fully ſatisfied in the common Values of 
foreign Coins, Weights, Meaſures, He. may find them in'a Book 
called the Merchants Map of Commerce, which for Brevity fake, I 
have omitted a and N e theſe few of : 


FRG . ww BET © fd 


- . * et. 


"French Coin 1 — — 


12 Saal Liwre=lo .1 
3 Lare C ο 4 . 6 
| Low Counay can, A Sr. 0 15 
| 6 Stivers=1 Fleinifs Sling M. 0 "WY 
20 Shvers=1 Gilder= ON 2. 


wy 


, 
© # 


* 
7 


. The « But generally reckon their Exchange with 
other Countries by Pence, viz. other Countries value their 


Crowns, Dollars, or Ducats, c. by Engliſh Pence. Except 
with ſome Parts of the Low-Countries, with: whom the 19 


72 change i is in Pounds Sterling. | 


08. 7 How ma Dollar at. 64. per Dollar, may ae 
: 625. ** FE: E ger, 9 


8 W- ; 


4 * 8 * a 7 8 = G Ws 1 0 y G 5 ; - 6 
e ; y 
* | | 5 | 


5 of {tw * ; 1 9 2 Kaos 2 ; 
P 7 * ** N " * 4 * - a 
N = 8 * \ * 0 4 $1 1 o * " , ” 
F — * *F A F 5 Se ke * \ 
5 1 4 ugh A 1 N 2 
. * 
* 
2 
it 
* 
4 
* 


* 


0. 8. | Ruls of ETelldwivip. " oy 
Tus 1624 1813258 22 G „„ Wh 
| Then Wb . + — pare” bs — | 


6 hon. 2. How many Saragelſe Ducats, of 37 64. the Dueat, | 


7 may be had for als Bergonia Ducats at 44 4d. the Piece? 
Anſwer, 216 and 35 84. over. | 


=] 
A 


| Thus 54. 64 2664 and 4s. 5 W-'F, of _ 3 BY 
Then 27 5X52=14300d=275 Vucats. | 
Conſequently 66) 14300 (2167 the Auer required. 3 


3. A Traveller would change*233k"165. 8d. Sterling 
Money; for Venice Ducats at, 45. uh per Ducat ; How many 
Ducats muſt he have? | Anſwer, 976 Ducats. 5 


Thus 4. ther 2 * BY 84.=5 61200. 
Then 57,54.) 56 1304. (976 the Anſwer required. 


Queſt. 4. A Caſhier hath 8 759 Ducats at 59, 64. por 
Ducat; ap $79 Dollars at 4. 8d. per Dollar: Which he would 


exchange for Flemiſb Marks at 147. 3d. * Piece: W qany 
we he o Bn _ 
- Anſwer, 389 Marks, and r5d. over... 


1 3 F 
Thaw: . the Value of the Ducats. 
nn T5339x56=324244 the Value of mr 9 


And 9 dark in badge 
14. 3d. 171. t in 4 
Conſequently 171) 1007340599 Se. the Anfwer requited· 


Queſt. 5. A Bill of Exchange was accepted at London for he 
Payment of 4ool. Sterling, tor the like Value delivered in Am- 
Herdam, at 1. 137. 6d. for 1h, 3 How much Money was 


* delivered at Am went” 12 
* Anſwer, 670d. ates ah = 


; For 11.=240d. and 11 137. Gd. Ao 
Then 242 : 402 :: 400 670 ghe Anſwer required. 


—_ 6. When the Exchange from Antwerp to Lok? is at 
11. . 7d. Flemiſb, for 11. Sterling; How many Pounds 8 ä 
muſt be paid at London, to CE 2361. Flemiſh at Antwerp. . 

Anſwer, 194. Sterling. 


oy Thus 2 4s. os oh 1.:=240d. 
| Then 295 28 wh W . 


J - 
1 f | 8 


7 
I 
» 4 

2 . 
| E 
3 
i4 
oY 
4 
1 
* 
= 


rr 
3 5 A n 2 5 Ly 


1 : > 34 8 * 8 o 


ate; Wa: 47 


Quel. J. A Merchant delivered at London 120). Sterling 105 


No receive. 1471. Flemiſh. in Amſterdam ; How much was rt. Ser. 
ing valued 45 in Flemiſb Money? 


8 Anſwer, rt. 45. 64. 
20 147 3: 4 1 294. 11. 4. 6d. Sc. 3 


* 


240 8. AFaQor hath fold Goods at Cadiz for 1468 Pieces 


&f Eight, valued at 45. 64d; Sterling per Piece; How much 
Bs Money do thoſe Pieces of Eight amount to? 


- Anſwer, 3 3 71. 24. 
Thus: if 18484. then 1468 K 54,5 8064. 


"4 


* 


at 57. 64. per Crown; and Dollars at 4s. 5d. per Piece; How 


N of each Sort * he bers ie 3097: 86. 


Anſwer, Bag of each. 
Thus 309 Trey Vs 


i * And 51. Gd. A. $4.=1194. / 
1 Then 1199 74256 (624 the Anſwer PK, 


"Ou. 10. Suppoſe T would exchange 527. 175. 6 for. 
Dollars at 47. 6d. a Piece, Ducats at 57. 8d. a Piece, and 
Crowns at 67. 1d. a Piece; and would have 2 Dollars for 1 
Ducat, and 3 Dollars for 2 Crowns. How many of each Sort 
us I] have? 


5 9 Dollars, 463% Dycats, and 618 Ciowns.. 
| 544.=1 Dollar.) 


| 1734 I Cri. 
And 1266904.=527/. 1 . . 
Now if the Crowns, Dollars, and Ducats, were to be eguat 
in Number; then 73+54-+68 muff have been the Diviſor, by 


which 126690 muſt have been divided, and the Quotient would 


© bave been the Anſwer io the Queſtion. As in the laſt Example. 
But here inſtead of their Sum, ſuch Parts of them muſt be 


taken, as are aſſigned or Gem x by the Queſtion z ** ſo the 
Number of ſorne one of m may be found. „ | 


And becauſe there muſt be 4% Dollar 2 p Dane 


6 it will 1 r of a Duest * Dollar, and fof.a * 


7 for one : Dollar, 1 
| | 2 n i Conſequently 


# 


* * 


— ; 


205 9. A Traveller would have an equal und of ons < 


— 
*% 


— 


- 
o 


Oo 7 
£m PIT I 4 ll * 9 Y . r 
A* 1 "FR . * * | * f a 
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viſor to find the Number of 


Thus ) 126690 (927 2 Number of „ 4% W 
Then 4 of 92740 35 is the Numbet of Ducats. 


* 


And 3 2 of $8709 0Þ1 is the Number. .of Crowns. 4» 1 . 


Or if you pleaſe, you may form Diviſors to find either 7 


Ducats or Crowns. firſt.; For if it be aDollary for 1 Ducaty,and. 
3 Dollars for 2 Crowns, as before; 


Then will 6 D be for 3 Ducats, a Ai Dollars s for 2 | 
Crowns. : 


Therdfote, { of Bun will be for 1 Crown, | 


© Conſequently, I of 54 : +3 of 68: 7 +75=205 will be the | 
Diviſor to find the Crowns firſt, Se. 


a 8. Rule of Fellinkip. _ ny - 


* Conſequently; $4+-V + 73 a or 3 vill "= the Dt 


N 


Ove. 11. A Caſhier is to receive 18 Hei is offered "OS 
at 67. 13d. per Crown, which are worth but 67. Or he may 


have Dollars at 47. 5d. the Piece, which are worth but 45. 4d. 


Which of theſe ſhall he receive to have the leaſt Loſs? And 


wu much will he loſe in the Payment RET. 
2 9 an FL = 


| 1 Crown 73, 54. 
2 Þ Delled =53 08 che advanced Valdes. 


Now to find which will be the leaſt Loſs; find what the 


advanced Value of a Dollar ought to be in proportion to that 
of 1 Crown, '* 


Thus 72: 7345 21 $2: $3,083 He. But he may bave Dollare 


at 53d, pet JA, therefore the Payment in Dollars will bethe' 


leaſt Loſs ; - $3 is leſs than 53,083 He. 

Next, to 12 what the whole Lok will be by receiving Dollars. 
Becauſe the 500/;=3 200004. is advanced as much above the 
true Value, as 53d: is above 529. therefore ſay, If 53d. ad- 


Vance 1d. Fe . what wk 1200004. Avance k i. * | i 


534. 9 1200008. : : 2264/34 =gl, 87 94 =the Tr 
. Queſt, 12 Suppoſe I exchange 4/. 10s..10d. for 11 8 


ou 7 Dollars; and at another Time I have 4 Crowns and 3 
Dollars for Va 57. each being of the ſame Value with the firſt. © 


ans. atue 3 and * 9 


4 


Then will 3 


* 3) .156 e, AA. the Value of 1 Dana, 


* e Fart  W 


" Firſt 11 0 Dollars: 100d. 
Second 4 Crowns-+3 Dollars So by the Queſtion. 


11 Then in order to find the Valve of 1 Crown; you „ 
off the Dollars by making them of the ſame Number; Thus, 


2 Crowns+21 Dollars=32704. the firſt multipl. with FY | 
2 8 Dollars ag4O. the ſecond multipl. with 7. 


——ůͤ 


+ ©” Then 5 Crowns 3304. being the Difference. | 
 Contdanentty 5) 330 (66853, 6d. is the Value of I Crown. | 
And 4 Crowns=26449. | 


Dollars=4209. 8015 — . 


— — this 


Alternate. 


* 


Sec. I. : 07 Alligation Medial. 


cn A P. Ix. 2 Th 
Of Alligation. 


HEN jt is required to mix ſeveral Sorts of e 
together; as different Sorts of Corn, Wines, Wool, 
. or © Metals ; z or to compoſe Medicines, Sc. the Method 
of proportioning ſuch Mixfures, is called the Rule of Alligation ; 
and is divided into two 5 Pants or e 9 Mauial and » | 


12 


Hig ation Medial, is that by which the mean Rate or Price 

AY of any Mixture is found, when the particular Quantities 
of the Mixtures and Rates are given; and is thus performed. 

= _ Firſt find the Sum of all the Quantities propoſed to be mixed ? 


Aud alſo the 


Sum of all their particular Rates. 
Then the Proportion will be, 


4.4 


their Rates : : Jo is any PaPt of the Mixture: To Fa. 


£ * the Sum of all the Qyantitier «_ Ii to the Sum of et 
95 e 


„ Rate or Price of that Part. 


Quel. I, Suppoſe 15 Buſhels of Wheat at 57. the Babel, I 
12 Buſhels of Rye at 30. = the 222 were mixed together ? 


What 


—— 
0 


? 


Ch. * f Alligation, Ke. II 2M 
F ww 
_without Loſs or Gain? 


- "* "ils Queſtion prepared as duese Above will and, 
- D 1 I 
| 12 Buſhels of Rye at 37. 64. 3 0 * 
rn Ant ee ee 
| Then 27 : 14044. : rr 


N 


Queft. 2. A Grocer ed g Pocadoof. Tolaren; waitaital 5 
6d. a Pound, with 12 Pounds of another Sort at 2s. a Pound, and - 
12 Pounds of a third Sort at '15. 10d. As. How e 
mn 43-3 | 


Seoul Ib. 4. | 4. N 5 | * . 4 95 * 
36. att, ky 648 2 
Firſt S 12. at a. Ih * amonnts to 5 a 4 
5 at 1 . 10 1 8 264 . 


1 r 1 
Then Go. Þ © 100822 164 204.=14, 84, the Anſwer required. 


Queſt. 3. AVintner mixeth 31 Gallons and a half of Malaga 
Sack worth 77. 6d. the Gallon; with 18 Gallons of Canary 


at 6s. gd. the Gallon ; 13 Gallons and a half of Sherry at 3. 
wy the Gallon; and 27 of White-Wine at 4s. 3d. the _ 
Gallon. It is e to er, what one Gallon of this Mix- 1 
| ture is worth. I TY, Coats 1 
eee eee My Ri tt 1 
7 8 20 5 67 S327 899 | 
* 18 at hens r 
Fan, J 134 at 5. 3% Guben, came te %%% 
. e, n CAIFS'S ' 
„ e go the Numb. of Gal. Their Value 6480 [ | 
| t Then 90 bony 11 74 65 the Rte or Pie fe. 
as was required. 


The Proof of all e in theſe Sort of FAM * = 
done by comparing the Value of all the Mixture (being ſold 1 
at the mean — with the total Value of all the particular 
Ry aac 1 had been fold at their reſpective 


nnn 


412 iithmeti el 
Sect 2. 07 e Ae | 


\ Lligation Alternate, is that by which the particular Quan» 

tities of every Ingredient concerned in any Mixture are 

ſound; when tlie particular Rates of every one of thoſe Ingre- 

| Sende and the mean Rate are given; being (as it were) the 
Conyerſe to Alligation Medial; as will appear oy the tolleving | 

Operations, which admit of three Caſes. + 

Caſe I. The particular Rates of any Ingredients proplifa bo 7 

be mixed, and the mean Rate of the whole Mixture being 

given. To find how much of each Ingredient is requiſite: to 
compoſe the Mixture, when the Wa Quantity, or any Part 
thereof, is not limited. 

Queſt. r. How much Wheat at 95 the Buſhel, id Rye at 
35. 6d. the Buſhel, will compoſe a Mixture that may be ſold 
tor 4s. 4d. the BuſheI!. — 
| Nats In all Queſtions of this Nihure, it will be convenient to 
|  Plaxe the mean Rate fo, as that it may be eaſily compared with the 
2 particular Rates, in order to find every one of their ke 

| * the mean Rate, iy Inſpection only. 
; Thus, the mean Rate=524. {hes 2 "ſy 

Then take _ ſcvern ! Differences between the mean Rate, and 
the particular Rates; ſatting down thoſe OE as 0 
and they will be the 7 {4b required. 

5 1035242. bas 7: (6.6438 
| Thus 52 v3 8=60—$2 9 
That is $2—42=10 No the Quantity of Wheat. 


And 6062 8 for the Quantity of . that vil 
compoſe the Mixture required. | 


The Proof by Alligation Medial. * 
Add 210 Buſhels of Wheat at 60d; per.Buſhel=6004. 
5 3 8 Buſhels of Rye at 42d. ber Bae 
| the Number of Buſhels. ==936d. 
Then ro 2 . 4d. the mean Rate. 


Note, Altho? 10 and 8 do anſwer the Queſtion, as * wa 
ars by the Proof; yet they are not the only two Num 

. r this Queſtion, and all others of this Kind, will es of « 

* and all whole Numbers; for any two Num- 

t 


bers are in the ſame Proportion to one another, P 10 is 
to If will s truly anſer the Queſtion, 


Viz. 


25 
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' Queſt. 2. A Grocer would mix three Sorts of Tobacco toge- 
ther, viz. One Sort of 18d. per tb, another Sort of 229. per th, 
and a third Sort of 27. the W. How much of each Sort muſt he 
take, that the whole Mixtufe may be ſold for 20d. the Pound? * 

Having fet down the given Rates, as before, then find each 
of their Differences from the 8 Mean Rate, and place 
thoſe Differences alternately; Thus, | | 

| (18) (4+2= 24 — 20 and 22 — 20 
Mean Rate 203227 32 . 20 — 18 

| 2447 £2=20—18 1 
- Theſe Differences, viz. 6. 2. 2 are the Quantities required, 4 
(6 of Tobacco at 18d.) 0 * 
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Proof 2th at 22d. the Pound come toy 44 
21h at 24d. r e228 48 | = J 
© 10 = the Number of Pounds. Their Value = 200 l. 
Then 10) 200 (20 the Mgan Rate. —- 


Or indeed any three Numbers thathave the ſame Ratio to 
one another as 6 and 2 have, Will anſwer the Queſtion. 


9:39, © 
'That is, 6 1212712 4 r. ; 
a N ö 15 * ; " 


But if only one of the three given Rates had been greater than 
the Mean Rate; as ſuppoſe 1 per Pound, 1 8d. per. er, 
and 24d. per Pound, and the Mean Rate 20d. as before. n 
heit Differences muſt have been placed, | | 


1% a4 Ce A 
Thus, 20 0 4 Fee. as before. N 
Queſt. 3. A Vintner would make a Mixture of Malaga, 
worth 77. 6d. per Gallon, with Canary at 67. gd. per Gallon, 
Sherry at 57. per Gallon, and white Wine at 4s. 3d. per Gallon; 
What Quantity of each Sort muſt he take, that the Mixture- 
may be ſold for 6s. per Gallon ? | TOS: © 
In all Queſtions of this Kind, wherein it is required to mix 
four Things together, two of them having theit Prices greater, 
and two leſſer than the Mean Rate: you muſt always alligate or 
Fre 8 * 4g compare 


b * 


- + » 


* 


ee 1 252 * 


compare a nde and leſſer Price with the 1 Price, ſet- | 
ting down their Differences alternately, as in the firſt Example 


of this Section. 5 1 
2 e {Malaga oz 1 
| Thus, Mean Rated n hr 5 qr 
[Canary 814. 12 =72—60 


Hence 21 Gallons of Malaga, 12 of Canary, 9 of Sherry, and 
18 of ani will compoſe the Mixture required. : | 
8 N n 12 mae 
herr 18 She hs 
gg dau, 72 8 81d. 21 8 1 
(White 514.) (9 White a 
Either of theſe Mixtures equally anſwer the Queſtion, which 
may eaſily be tried as before in the laſt, &. 


to be mixed, the Mean Rate of the whole Mixture, and any 
one of the Quantities to be mixed being given: Thence to find 
how much of every one of the Ingredients is requiſite to com- 
poſe the Mixture. 


Note, This i uſually called Mlligation Partial. 


How much Wheat at 57. the Buſhel, muſt be mix- 


Ml.ixture may be ſold for 4. 44, the Buſhel? _ .. 

In this Caſe you muſt ſet down all the particular Rates, with 
the Mean Rate, and find their Difference juſt as before; with- 
out * Regard had to the Quantity given. 


Thus, Mean Rate 524. rag wp ; 20. 


| 3J | ; : ame with t tity given: Is tot 
3 * 1 Then N e with the ney g be antity 


given:: So is any of the other Quantities found by the 
Difference : : To the Qyantity of itt Name. 


of Wheat required. 


_ uf. 87 How os IE at 55 6d. the Gallon, Sher 
= at $5. the 


that the whole poems ny be ſold for 65, the Gallon 1 


* Caſe II. Ihe particular Rates of all the 888 propoſed 


Duet. 4, 
ed with 12 2 Buſhels of Rye, at 3s. Gd. a Buſhel; that the whole | 


As the Quantity fou = by the Ds 20 the ſame | 


Thus 8:82::10: hy td Number of Buſhels 


| allon, and white Wine at 4-. 3d. the Gallon, mult 
be er with 18 Gallons of Canary at 67. gd. the Gallon; 


42 
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"Of Allg, e. 
"The Ferns being ſet down; St. as before, will ſtand 
; Malaga 90 d. 5 * ol 
| White 51 d. 10 q 
"Thus, Mean Rate 124. þ Sherry. 60d g 
Canary 81 d. 
Rs "Fax alone of Made 
Then, as 12: 18 :: rs 27 Gallons of White. 
5 9134 Gallons of Sherry! | 
That is, 31 1 Gallons of Malaga; 27 of White Wine, and 
134 of Sherry, being mixed with 18 Caen of Canary, will 
- make the Mixture required. 
Malaga 253 118 | 
| Sherry 60 
Or thus, 72 ea 81 41 
White EM — 
Fe 12 : 1007 me Malaga 
Then, as 21 ; 18 :: 18 15 * the Sherry. ec. 
5 e: 7 the White. 


0 9e 


Gallons. Pence. 

10 fr at 90 d. [ 92577 

37 at 90 d. gas 
Proof. 741 at 51 d. each 393 77 


18 at 814 1458 


Sum 514 Value=3710248 
Then 51 Kr 37022 (Jad. = 6s. the Mean Rate. = 
"Therefore the . are as truly aſſigned here, as in the © _ 
laſt Work. 1 


Caſe TIT. The particular Rates of all the Ingredients propoſed | 
to be mixed; and the Sum of all their Quantities witk the 
Mean Rate of the Sum being given; to find the particular 
Quantities of the Mixture. 

This is called Allrgation Total, and is thus performed. | 
Set down all the particular Rates, with the Mean Rate, ande 
find their Differences, as before; add togetber all the Differ- 
ences into one Sum: 

As the Sum of all the Nifferences : Is te the Sum of all the 

Then 5 ee given : : So is every particular Difference : 

its particular Quantity. 


x Ove} 6. Let it be required to mix Wheat at $7. the Buſhel ; 
with Rye at 35. 6d. the Buſhel; fo that the whole Quantity 
may be 27 Buſhels, to be ſold for 47. Ad. a Buſnel; what Quays 

| tity of each muſt be taken to make up the Mixture N 


WY * 


7 nick. 


„ - * as : 
1 Mean Rate 5 [Rye 44 Its WP e Ref 


"IPs "by > wi | 3 75 "400 by g 7 their Sum. | & ; 
= 3 2 Q2 IX» £- > — 
ee 12 1873 1 1 the n 0 


the Gallon; and white 


br © Jon: How much of each Sort e that Mixture? Pp 
—_ 3 Malaga go ” if | 
—_-.. * $4 White 515 198 
. Mean a Gate a4 726. Canary 81 > 9 
1 | kd Sy {2 


* Go=their Sum 
N . 8 
416 27 Wins.” 
Then 60 90 © 0 | . 1 13 4 the 99 * ery. 
3 . 
| Dr thus, 724 iS 8 Sp 
b SENG IT. 8 


— ©. © 
: * 0 ＋ : ” 


= <4 ; 7 . 18 ; 3 Malaga. 
bes 60 0 126 1.37 


= 76:9: 133 M1 [White Wine. 
=_ Riches « of theſe Ways do ene the Queſtion, as 
3 bo * ** ap be eaſily tried by All:igation Medial, As before, Ge. 


42 = {/pecially when there are mary Ingredients to be mixed) if yo 
= obſerve the ſame Methed as 20 e in the Rule N Fellow 
Y 4 thip, page 99» Se. 8 

I bare made uſe of the very N Eeamplis both in Miligation 
Medial, and Alternate, throughout the three Caſes ;; being, as ! 
Mi preſume, much better than it they had been dit erent ones; be- 
* 3 cauſe the Learner may (if he conſider thema little) eaſily perceive 


the 


Oueſt. J. Suppoſe i it were 8 "5 mix Malaga at 7+. 6d. 
the- Gallon, with 8 at 6c. gd. the Gallon, Sherry at 87. 


ine at 4. 3d. the Gallon; ſo that the 
whole Mixture may be 90 Gallons : ; to be ſold for 6s. the Gal- 


Note, The Work of theſe Proportions may be much re 


- 


no! only the Difference between the two Rules, but alſo wherein 
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by all the poſſible Anſwers to any Oveſtion may be'clearly and 
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TYURE Gold, free from Mixture with other Metals, uſually” - — 
called Fine Gold, is of ſuch a Natute and Purity that it 1 
Will endure the Fire without waſting, although it be kept conti- 
nually melted: And therefore ſome of the antient Philoſophers 
have ſuppoſed the Sun to be a Globe of liquid or melted Gold. 
Silver having not the Purity of Gold, will not endure the Fire” 
like it: Yet Fine Silver will waſte bit very little by being in he 
Fire any reaſonable Time; whereas Copper; Tin, Lead, He. wil . 
not only waſte, but may be calcined or burnt to a Poder, _ 
Both Gold and Silver in their Purity, are ſo very flexible rr 
ſoft (like new Lead, Qc.) that they are not'ſo uſeful either ix _ 
Coin, or otherwiſe (except to beat in'Leaf-Gold-or Silver)" % 
when they are allayed, or mixed and hardened with Copper or  =_ 
Braſs. And although moſt Places differ more or leſs in the 
Quantity of ſuch Allay, yet in England it is generally agreed _ 
ou that, Re SLED! WR. 
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22 9585 5 Fine Gold, and 2 Carracts of Copper, bad 


Coin, Cc. (The French and Spaniſh Gold being very near of the 
fame Standard) That is, if ny Quantity or Weight of Fine 
Gold, be divided into Twenty-four equal Parts, and 22 of thoſe 
Parts be mixed. with 2 of the like Parts of 8 8 ; that Mix- 
ture is called Standard Gold. 

3 WWWhence you may obſerve, that a Carradc᷑t is not an "certain 
Quantity or Weight, but ; Part of any Quantity or Weight; 
and the Miners and Goldſmiths, divide it into 4 equal Parts, 
_— which they call Grains of a Carract; alſo they dere! one 
3 4 3 72 of thoſe Grains, into Halves, Quarters, Sc. 

* | | Standard for Sr vxx. 

1 Leven Wes and two Page of Fine Silver, and 
_ Fighteen Penny-weight of Copper being melted together, is 


Named the true Standard for Silver Coin, called Sterling Silver. 
And ſo in Proportion for a greater or leſſer Quantity; which is 


— 


2B Note, When either Silver or Gold is finer than Standard, it is 
i =, 3 Better; if coarſer, it is called Worſe; and that Betterneſs 
3 or Worſeneſs, is reckoned by CarraQs and es of a Carract 


4 14 The Gold/miths or Refiners, &c. take a ſmall Quantity of ſuch 


Gold. as they intend to try (which they call making an Aſſay) 


melt it in a ſtrong Fire, io long, that if there be any Copper, or 
other Alla mixed with it, that Allay may be conſumed or burnt 
away: -When it is cold they weigh it very exactly again, and if 
it have oſt nothing of its firſt Weight, they conclude it is Fine 
' Gold, but if the Loſs be; Part, they call it 23 Carrafts Fine, or. 
one CarraQ, better than Standard: If it have loſt r Parts it is 
23 Carracts fine, or Standard: If .3 Parts, ii is aid to be 21 
Leads fine, or rather one Carract worſe than Standard, and 
ſo in Proportion as it happens to be better or worſe. 


In the ſame Manner they make their Afr. ay on Silver, Sly 
4 A be” the compute its Loſs by Penny-weights, c. 

. he Author of the Preſent State of England, mentioned be- 
; Foro (page 32.) ſays, po 
© IJ hat 
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melted together ſhall be eſteemed the true Standard for Gold 


A leſs Proportion of Allay for Silver, than the other is for Gold. 


in Gold, and by Penny-weights in Silver; and is thus diſcovered: 


and weigh it very exactiy, then they put it into a Crucible, and 


* 


That the Engliſh Coin may want neither the 
Weight required, it is moſt 2 and carefully provided, 
that once every Year the chief O 


near a Half penny. ir 


| 


* 
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what amounts it to, at 57. 14d. the Ounce? 


© Firſt 78) Oz. 14 Prot. 6 Grain = 378102 Cra. | 
Then, As 240: 226 :: 348102 : 356046 18 = 74k Oz: 15 "4 2M 
| GETS: -,— 


Gold is there in it, and what comes it to at 3/. 115. an Quice? 
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Purity 


ers of the Mint appear be- 
« fore the Lords of the Council in the Star- Chamber at Weſtmin= 
« fter, with ſome Pices of all Sorts of Monies coined the fore= 
going Year, taken at adventure out of the Mint, and kept un- 
der ſeveral Locks, by ſeveral Perſons, till that Appearance, and L 
< then by a Jury of 24 able Gald/miths, in the Preſence of the _ 
* ſaid Lords, every Piece is moſt exaQly weighed and Aſſayed _ 
This if it were conſtantly practiſed would keep our Coin to © 
its true Standard, Oc. | | A N = MM 
Many pretty Queſtions may be ſtarted concerning the Fine- = 
neſs of Gold and Silver, Ge. „ 


EXAMPLE. 


If an Ingot of Silver weighing 787 Oz. 14 Pwt. 6 Grains, : 
be 11 Oz. 6 Prot. fine; How much fine Silver is therein it, and 


This Ingot is better than Standard by 4 Put. For 11 OK. 
2 Pavt. = 222 Prot. the fine Silver in 12 Oz. of Standard. But 
11 Oz. 6 Pwt.= 226 Put. the fine Silver in 12 Oz. according 
to the Queſtion. = FLAKE Te: IH VE 
| A 


— 


And 12 Oz. =240 Pt. 
Prot. 6 Grain, the fine Silver in that Ingoet. | 


Which at 5s. 1 4d. the Ounce, amounts to 190l. 17. 6d. and P 3 


ax 12M PILE: ib at 


If an Ingot of Gold weighing 1s 02 13 Lu $ 3 C ; 
be 4 of a Grain worſe than Standard: ' How much Stahdayd - 


. Firſt x15 Oz. 13 Put. 18 Grains = 55532 Grains Troy. | A "= 
Then 24) 58530 (2313,75 S Catract of that Quantity. .. - # 
And 4) 2313975 (578, 4375 —a Grain of that Carract. 5 x 
© Conſequently 4)'578,4375 (144-609375 = + of a Grain. 
Again, 2313»75X22=50902,5 ought-to be the fine Gold in 
that Lago, if it had been Standardd «5: 2 
5 9 18 TRE bf n ty . y N. ut 


8 


©» 


"AT 
N 


"I . 18 


But gogo, ABI 1.4 7 . 25 is the nantit 
of 92 72 een, e ts 1 

Therefore 60902, 5 0757, 890625: 72,244 

Ee. Grains 2115 0. J Pivot; 4,244 Cc. 56530 + 55372 I 

- Quantity of Standard Gold in that Ingot, as was required. 
Next or the Value of it at.3/. 117 her Ounces. 1 Oz.==480 

+ Graifis 3 and 3. 11. = 715: | 
= ; Conſequently 480: 1: 55372, 244 e : fitgo-3777 De. 

—_ « =gtgd, 107. 5 ad. very near; being the Value of chat Ingot, as 


—_ was required. 
_ . Or the laſt Queſtion may be otherwiſe wrought thus: 115 Oz: 
_ 13 Pw. 18/Grains =115,6875. Aud 3 Fas a Grain of a Carract 


_ 


= 18 (viz. the ! 4 of 4 Then 22— — 1822 ta 1.9375. | 

Conſequently 22: 21,9375 ; :-1 1,68) 5 en Sc. 

415 Oz. 7 Put. 4, 244 Grains, &c. as before. 

cNMNerxt for the Value; as 1.: 3,55 :: 115, 358842: 409,523889 
—_ 2 10s. l "ey near: as een 2 1 


Seck. 2. Bonn SeeLFICR. Gn Avrrr of . &c. 


—_ 4 Take . an Enqui iry * about the different Gravitiee, or 
- Weights of Metals, and other Bodies, to be {not onlya Work 
of Curioſity, but alſo) of very good Uſe upon many Occaſions, 
Therefore feveral Authors have given us ſuch Proportions, or 
Difference of their Weights, as they are ſaid-to have one to a- 
nother; ſuppoſing every one of them to be of the ſame Magni- 
» © tudeor get... Gy 5 which I ſhall here inſert. 


er 
111. 


Jn 4 2 4 . —— * 1 — .. ? 
* 
* 


3 Are Van Etten, i in bis Mathematical Recraativnis printed 

Y * Anno 1633, ſets down the Proportion of their Weights thus ; 

5 q 4 Yn. «Gold i875 . Lead 1165. Silver 1040 . Nen 910. Iron 810: 

1 * 5 2 159 - . Water 100. NEE CE OT 

—_— - bh $29 „ 2 

| * 75 5 1 his Bicycle edia, primed 1 hath them 
thus: Gold 187. Quiekfilver 1500. Lead 7165 -Silver 1040. 


2 + per 910 , Iron 806. Tin 750. Honey 150. Water 100 

Sit 9. These ſeem to be taken from thoſe of Van Etten's, 
* t ſome? Additions 1 785 Tee 

i The ingenious Mr. Oughtred," in his Circle of Proportii ions, 

Ang 8 Anno 1660, hath their Proportions (according to the 


xperiments of one Mar inu Ghetaldi, in his Tract called Archi- 
 meder\Promatus) thus: Gold 3990 . Quickſilver 2850, Lead 

2415. Silver 4175 : Braſs 1890. [ron 1680 Tin 1554. K 
4. In 
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f Metals, Gravities, &. 14 
4. In the Philoſophical Tranſactions, ¶ Number 169 and 199) = 


there is an Account of a great many Experiments of this Kin, 
from whence” I collected theſe following, viz. Gold 17888. = 


Mercury 14019. Lead 11345 : Silver 10535 Copper-8843. 
Hammered Braſs 8349. Caſt Braſs 8 100. Steel 7832. lron 
7643. Tin 7321. Pump-water 1000. o. 9 3 
Theſe laſt Proportions being approved of and publiſhed by q 
Order of the Royal Society, ſeem to be unqueſtionably true: Ne- 
vertheleſs, becauſe they differ ſo much from the beforementioned Xx 
(and thoſe from one another) IL have for my own Satisfaction made 1 


ſeveral Experiments of that Kind: And hade (1 preſume) obtain- 7 
ed the Proportions of Weight that one Body bears to another of 8 
the fame Bulk or Magnitude, as nicely as the Nature of ſuck 
Matter, which may be contracted or brought into a leſſer Body 
(viz. either by drying, or hammering, or otherwiſe) will admit 9 
of; which are as followeth; TY, | 5 
_ F Trey. I Ounces Averd. + * 
Hue Gold, is 1 ee — 9 - Si 


Standard Gold, = 6 9,962625==10,930422 
Quiciſiluer, , 7,3844112 8,101753: 
| Lead, - 11 5,0 84010 6,5853885 


Hie Siluer = 
Standard Silber, 
Neo Copper, = =» = +» 
Plate Braſs, =< = + 
Caft Bro, wb the 
" Steel, » eo g5 SS; 
"1 Common ren, 
A Cubick, Block Tin, - - = + 
lub of 7 Fine Marble, - - = = 
Common Glaſs, = = == 
| Alabafter, = = = » 
- Dry "5 9 0h * 
| Dry B- ,f Z ) h = 
| Sea Water, — m - 
Common clear Water, = 
1 Red Wine, - - - = + 


Ire Spirits or Brand, 
I Sound ary Oah, - = *- 
Linſeed Oil. 
Oil Olive, ME at) 


1 


5,850035= 6,413324 
\ 5,556769= 6,0965699 
4,747121= 5, 08369 
4,4042732 4, 832116 
4.272409 4,6 30300 
4,1421272 4, 846805 
4, 031361 4,4229799 
3,8615192 4,2236638 
1,429411= 1,5688369 
1,3608412 1,493037 
0,988456= 1,084477 
0,962083= 1,055542 
0,543282= 0,596057 
0,542742= 0,594894 / 
0,5 2745 8 0,5789697 
0,523766="0,574646 | 
0,489268= 0,536796 0 
0,489008= o, 53636 
2,4918591 0,539345 
0,4815609 = , 28330 


* 


* 


1 
7 1 11 788 1 
[8 , i * [| i 1 1 | | 1 [ 8 * 1 1 8 i 1 1 
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In this Table you have the ſpecifick Gravity or Weight of a 
and Averdupois Ounces, and decimal Parts of an Ounce, which 


find out nicely, than I was at firſt aware of. 
No from hence it will be eaſy to determine the Weight of 
Any propoſed Quantity; of the ſame Matter and Kind with thoſe 


For it is plain, that if the Number of Cubick Inches contained 


=. the Weight of that et in Ounces, e. 
3 BXAMPLE. 


57 Marble, containing three ſolid Feet, and 40 Cubick Inches. 
FPirſt 1728x3=5 184 the Cubick Inches in 3 ſolid Feet. 


| of Marble 
Then cel 42941 127410, 066624 Hui 77 roy. 

. Or 5224 1,5688539 8195,719416 Ounces dverdupoir. | 
The Weight of that Piece of Marble, in Ounces, Ce, which 
is cafily brought into Pounds, &c. The like for any of the reſt. 
The Converſe of this Work is as eaſy ; viz. if the Weight of 


tent of that 'Quantify, in Cubick Inches, Sr. 
| Thus, divide the given Weight of the propoſed Quantity (it 
bring firſt reduced into Ounces, &c.) by the tabular Weight of 
one Jach {of the ſame Kind of Matter) and the Quotient will be 
. theNumber of Cubick Inches contained i in that Quantity. | | 


Vote, If you would find what Weight any Quantity of thoſe 
Y Bodies mentioned in the Table will have, when it is immerſed or 
* put into Water, you muſt ſubſtract the Weight of an equal 
Quantity of Water (with that of the Body) from the Weight of 
the propoſed Body (if it be heavier than Water) and there will 
remain the Weight required. As for Inſtance, 


A Cubick Inch of Lead=s, 9849102 | 
by 4 Cubick Inch of Water=0,542742 Ounces Troy, &c. 


— — 


5 4 their Difference. 2.5 441268 the W of a Cubick Inck 
of Lead in the Water, Oc. NS. 


* . 
F * 
* 
5 1 * - v5 
nm * 
1 » —_ i”, 
8 8 " G I = 2 
5 2 * 1 4 % "2 6 * 44 # 
8 4 8 
wad - $3 -+ & 
ys 4 Fa. * I - F . 7 3 4 
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5 Cubick Inch, of various Sorts of Bodies, both in Troy Ounces _ 


I can aſſure you, required more Charge, Care, and Trouble, to ; 


in the Table; its ſolid Content being given in Cubick Inches. 


in any given Quantity, be multiphed with the tabular Weight 8 
of one Inch, (of the ſame Nind of Matter) the Rn will 15 


/- Suppoſe it were W to find the Weight of -: a Piece of = 


And 5 ee 124 the Number of 3 Inches in the Piece 


any propoſed Quantity be given, thence to find the ſolid Con- 2 


* 


ren * * 
* * 9 


or Band, g ; Roots, = 


5M: C H A PL 5 


Evoiorion,. or ExtraMing tbe bots: ont OP all Sixous 
| PoWwERs, by one Geometrical Method. | 


Firth it - 1 Ks] 


ern, . 
Polution is the unravelling, or as it were the unfolding and 
reſolving any propoſed Power or Number, into the ſame 
Parts of which it was compoſed, or ſuppoſed to be made up. 
Now in order to perform that, it will he convenient to . | 
- how thoſe Powers are compoſed,” Ac. ; 
A Square Number is that which is equally equal; * 1 
is contained under two equal Numbers. Eurlid 7. Def. 18. 
Thus the ſquare Number 4, is compoſed of the two Tt um- 
bers 2 and 2, viz, 2X2==4. Or the ſquate Number 9, is com- 
poſed of the two equal Numbers 3 and 3, viz. 3K Z Ig: ac- 


'Þ 


cording to Euclid. That is, if any Number be multiplied: into No 


itſelf, that Product is called a ſquare Number, | 

A Cube is that Number, which is equally equally equal, g. 
which is contained under three equal Numbers. Eu. Def 
Thus the Cube Number 8 is compoſed of the three equal 
Numbers 2 and 2 and 2, viz. 2X22==8,&c. That is, if any* 
Number be multiplied int@ itſelf, and that Product be multi- 
plied with the ſame Number; the ſecond Product is called a 

Cube Number. * 

Theſe two, viz; the Square and Cube Numbers, borrow their 
Names from geometrical Extenſions or Figures; as from the 
three ſignal Quantities mentioned in pag 2. That is, 4 Root 
is repreſented by a Linz or Stpx, having but one Dimenſion, 
. viz. that of LxNGTH only. The Square is à Plane or Figure of 

two Dimenſrons, having equal LEN GTH and BxEapTH. The 
Cube is a ſolid Body of 3 Dimenſions, having equal LENS rn, 

BrEADTH, and 'THICKNESS : But beyond theſe three, Nature 
rs not, as to local Extenſion. That is, the Nature gf 
Place or Space, admits no Room for other Ways of Extenſion + 
than Length, Breadth and Thickneſs, Neither is it poſſible to” 
form, or compoſe any Figure or Body beyond that of a Sold. ; 

And therefore all be ſuperior Powers above the Cube or thigd 
Power; as the Biguadrat or fourth Power, the Furſolid or fifth. 
Power, £4, are beſt explained and underſtood by a Rank or Series 
of Numbers in geometrical Proportion. For Inſtance : Suppoſe 


any Rank of geometrical Proportionals, whoſe firſt Term ank 


Ratio are the ſame; and to them let there be aſſigned a Series 
of Numbers in arithmetical Progreſſion, beginning with an Unit 
or . WOE common Difference is alſo I, as in Pore 79. 


R 2 | us, 


 quadrat. 


"This, . 


1 * 1 Ch. 11. 


. % 
16 wah 64 128 Sc. in: 
Then are thoſe Numbers in = - produced by a continual Mul- 
tttplication of the firſt Term or Root into itſelf; and thoſe in 
Aa  arithmetical Progreſſion or Ix pics, do ſhew what De ree or 
Power each Term in the geometrical Proportion is of. F: 
ample; In this Series of = 2 is both the firſt Term or Root, and 
common Ratio of the Series. Then 2X2=4. the ſecond Term 
or Square; and 2X2X2=8, or 4X2=8, the Cube or third 
Term; .2X2X2X2==16, or 8X2=16 the fourth Term or Bi- 


And fo on for the reſt. 


their reſpective Pawers ſo involved. 


7 Indices. 


Note, This ig called InvoLuTION, viz. When any Number i is 
drawn into itſelf, and efterwards into that Produdt, &c. it is faid 
40% beſo often involved into itſelf; and the. Indices are the Expo- 


9 <e 
ES a 
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5 n 22 [2 28 by SY 3; 
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| 3 2] 2 812 ſe 4596 3276862 140 2097152 132016777215 134217728 
bs =" S: ny 4 J 6361 59049531441] 4781969430467 337430489 
This Table 
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Wthe Tenth) of al 


i 


lainly. ſhews (by Inſpe&ion) any Power (under 
the nine n and from thence may be thken 


or Ex- 


the 


* \ . 


ccording to the Involutions, is formed. the following i, 
Table of Powers; wherein the Root is only one ſingle Figure. 


'# 
Ky 
> 


Of Extratting . be. 129 : ; 


the We Root of any Square, Cube, Biquadrat, We, of any 
Number whoſe Root or Side is a ſingle Figure. 
But if the Root conſiſts of two, three, or more Places . 
Figures, then it muſt be found by piece - meal, or Figure after | 
Figure, at ſeveral Operations. 

; The Extraction of all Roots, above the Square (viz. of the 
Cube, Biquadrat, Surſolid, Ac.) hath heretofore been a very te- 
dious and troubleſome Piece of Work: All which is now v 
much ſhortened, and rendered eaſy, as will appear further on. 

| When any Number is propoſed to have its Root extracted, 

15 the firſt Work is to prepare it, by Points ſet over (or under) their 

proper Figures; according as the given Power, whoſe Root is 

ſought doth require; and that is done by conſidering the Index of 
the given Power, which for the Square is 2, for the Cube 3, for 
the Biqadrat is 4, Se. (as in the precedent Table); then allow 

ſo many Places of Figures in the given Power, for each ſingle 
Figure of the Root, as its Index denotes always beginning thoſe - 
Points over the Place of Unity, and aſcend towards the Left- x 
Hand, if the given Number be Integers, and deſcend towards 
the Right-Hand in decimal Parts. As in theſe following. | . "= 
8 Suppoſe any given Number; as 75640387246 which T ſhall” — 

all along hereafter call the Reſolvend. _ 
Then if it be required to extract any of the following Roots, 137 
it muſt be pointed (according to 0 ä Conſidera- 
Rh A in this Manner : [\ * _— 


* 0% 
I \S © D % © . = ; 


$ Vir, For the Cube Root | 3 5 
4 > RN | fe Blquadrat Root © 75640387246 


" *%. 
Ho” i Þ+ a0 


[IG Surſolid Root | 5 5640357245 Rs 
Or ſuppoſe the Number to be 0,67403 59820 


e e Root Thus 0,6740359820 
Then for the) Cube Rept... 0:674035983 
| | : UBiquadrat Reot 0361403 5982600 
a * Now e Reaſon of pointing the given Reſolvend in this Man- 
ner, vig the allowing two Figures in the Square, three Figures 
in the Cube, and four Figures in the Biquadrat, fe. For one 
TH Figure in the Root, may be made evident ſeveral Ways; but 
; 7 pos. * | F '% | « . think 


wherein you may obſerve that all the Powers of the Figure 9 
Figures, as the Index of thoſe Powers denotes: Therefore ſo 


Figure in the Root. Conſequently by theſe Points is known how 
many Places of Figures there will be in the Root, viz. So many 


© determuned ie the reſpective Fer of the Points, 


— th * ok wo. ®.\ 
* . 4 5 


98 2. To EXTRACT the Sana Roor. 


the common Method. 
Having pointed the given Reſolvend into Periods of two Fi- 


wife) find the greateſt Square. that is contained in the firſt Period 
towards the Leit-hand (ſetting down its Root, like a Quotient 
Figure in Diviſian) and ſubſtraQ that Square out he faid Period 
of the Reſolvend: To the Remainder bring do the next Pe- 


* 5 - zTiod of Figures, for a Dividend, and double the Root of the firſt 


Square for a Diviſor ; enquiring how oft it may he had in that 
Dividend, ſo as when the 8 Figure is annexed to the Di- 
viſor, and that increaſed Diviſor multiplied with the fame Quo- 
ment Figure, the Product may be the greateſt Number that can 


be taken'qut of that ividend; which ſubſtra& from the ſaid Di- 
vidend, a 


MN *ancreaſed Diviſor, can be had in the new Dividend (with the ſame 
nut ion as before, viz.) ſo as that the Quotient Figure being an- 
nexed to the Dyviſor;-and that increaſed Diiviſor multiplied with 
the ſame Quotient Figure, their Product may be the greateſt 
2: Numberthat can be ſubſtracted from the new Dividend: (As be- 


to Point) in the very ſame Manner, until all be finiſhed. 

| An Example or two being well obſerved will render the Work 

of forming che new Diviſors, &c. more plain and mY than can 
385 expreſled 1 in a Multitude of Words., 


_ a: will ſtand 


„ * Ck N 
— 1 Thus, 
Ll 


. 6 * 4 - 

P 3 4 : 4 # 
— 2 * * , 

*. ö 4 & \ 


. A be part 1. Ch. „ 


think it is SUP conceived from the Table of ſingle Powers, a 
(which is but a ſingle Figure) have the fame Number of Places of 


many Places of Figures muſt be taken or aſſigned for every ſingle ' 


Points as there are, ſo many Figures there muſt bein the Root, 
and whether they muſt be Integers or decimal Parts, is Boy 


N D firſt how to extract the Square Root,. according 10 


15 gures as before directed; then by the Tahle of Powers (or other- 
to the Re ainder bring down the next Period of Fi- 
Fures, for another new Dividend: Then ſee how often the laſt 


fore.) And fo proceed on from Period to Period (viz. from Point 


{om hon 1. Let it be required to he the Sutra Root out 
eee This Reſolvend being prepared or pointed 


A 


7 o 
* 
* o 
v AA” * 4 
* . * 


g N 8 4 
Wo - 


"of Extrafting Roots, Ke. = 


4 Thus, 57219996074 ar geen Beg 
tans Hors 03 ae Dent ron Ned Plc 
No 1. Diviſor 145) | 9 Sx N 8 Ty 


C 
| HD. | g036=1506X6 - 9 
3. Diviſor 15124 66396 Fo: Fe 


ng 4 Conor 515 124X4 1 
4. Diviſor 131283) 59000 8 5 
7 Roe 44 | 453849 2112834 f 
5. Diviſor 1512869) 1361682 - eh 
RAS 9 . 13615821=1512869x9 | 


Proof my I 72750900721 the Relolvend, 
"Example 2. What i is the Square Root of 0 ewe 


"Re. ifotot,nbgors Gasse es J Is 3 
e , 
3 
266) ad 1360405 is the 


17204) 1101,76 
* 4 1088 16 


172080 5) - 

4 5 
0 * 3 
Fa. jr ue is = 1 


41 * 7. 


| Operatyzw-p 


0,2465x ie x | 
0,06036225 the = 


' | Refolvend, a 
'L 


4925) 24025 
re — 


1 n 


* 48 5 ” Nüthmas k. | art! Ch. 1 11. 


3 What ie is 7 done in whole Numbers, mixed Numbers, and 
Decimals, may alſo be done in Vulgar Fractions; if you firſt 


1 the given Fraction into Decimals. (As in Seel. 5. P. 68. 


Example 4. Let it be he wenn to extra the Squate Rovt 5 as . 


PF 80 in | 
Then 6 10 68 the Root required. Ns 
Koo BIS 7 1 


ern 


%. | 
In theſe _ . the Reſolvegd bath — A l 


1 and therefore the Root hath been extracted without 
leaving ary Remainder : But it very often happens that the Re- 
ſolvend is not a true figurate Number, according to the pro- 


poſed Power. That is, it is not a perfect Square, Cube, Biqua- 
ro after the Extraction 


drat, Sc. and then ſomething wi 
hath been made throughout all the Points. Such Numbers are 
called Su ap Numbers, and their Roots can never be truly found, 


but will become a continued Series, ad infinitum: If to the Re- 
mainder there be ſtill annexed Cyphers according as the pro- 
poſed Power requires, viz, by two's in the Square, three's in the 
Cube, four's in the Bias Sec. And the nen con- 


tinued on as before. | 
Example 5. Suppoſe it were auen to extract the Square 


Root of 23 
| „ 2 (83,4745, Ce. 
TW. ĩͤ on. 
„ > r 8 3 
ay; ; , uf 5 * * ö "4 3 ; | 2 9 * 7 a | 
„% - ͤ - - 900 ; . 
"© oe PI 090 RE 6 56 | 2 
8393 16687) 12 4406 "> i 
LE 2,0 e 11 % 
8 166944) 759100 
#3, 4 667776 
1 3 FEY —— ho 
F 5 KE 
We” 1 * s . Ta” 784975 Se. | f 6 


Theh the Root of any Surd Number may be continued on to 
what Exactneſs you pleaſe, but cannot be ay found. 
In my Compendium of Algebra, Chap. g. I have\,propoſed 


another Way of extracting the Square Root, and there given 
4% am of the Work; ich to avoid Prolixity i is thus; 


— 


4 
* 


** 


0 


o 1 


= 2 

= 4 * * 
* 5 4 } * 
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: o 
1 
$ ; 


©. 
«5 


c i 
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1 Ws. | | 0 25 3 | - Ig | | | . 0 
+ > Of.Extradting Roots, Ke. 4,209. 
Having pointed the given Reſolvend, and taken the greateſt 3 
Square to the firſt Point from it, as before. Then EL 3 
” Remainder of the whole Reſolyend by 2 (that is, half it) and * 


point it a-new. (This T call a new Dividend) "Then make the 


* 
* 


by 4 . 


"a, 


Diver „560000 
” 2 2 + nem 8 4 th e . ny +1 F 
8 3258=54%6 : #F the Square of 6008 


Diviſor 546) 47539 ay 


that Figure under the next Point for the half Square of the Que 
tient Figure. Which being found, ral}? the Diviſor with it, 
Adding to that Product the Tens of the half Square if th | 
as in plain Diviſion. Then annex the Quotient Figure to. = 
laſt Diviſor for a new. Diviſor, with which proceed in all | 
ſpeQs as with the laſt Diviſor; and ſo an until all be finiſhed. 


: ue Example. 6. What is the Square Root of 299066796 it 4 | 


” Root of the firſt Square a Divilor, inquiring how oft it may be 


found in the new Dividend to the next Figure orgy 32 
the Quo- 


Operation 2990661969, 
FF The firſt ſingle Root . 


— 


5 3 | „ e 
Firſt Root 5) 2453339845: (54687 Zz7kc 
44 208=5X4 1 che Square of 4, vis. rg, 


þ 


* N 


e 43712=546X8 e the Sqyare'of , 


Diviſor 5468) 352784, 


Hence the Root is found to be 5468), W i 2 


Root at Before; 17 72 to one Figure more tban balf the dg 


0% 


All the Diffculty in this Method is only the true placing of the 


half Square of the Quotient Figure, when it happens to be an odd” 
Number: In that Caſe you muſt bring down one Figuge ore 
of the Dividend; viz. of the next Period; under which, place” 8 
the odd 5 that will always ariſe from the half Square of àn d 2 
Number: As 7 whoſe Square is 49; the Half of which is 2495 © 
+, 00 5 paces as in the laſt Operation of this Example. 5 


Square if tiere be any, 


Re- 


* 


J 490667969 The Remainder to be divided by. 


SIS. 


» 


. 
oy 


uw 


: 
* 


3 


When the Number of Figures in the Root of any at | 
Number are limited; you need not proceed in extrafting the be 


Numbtr of Figure: ; for thereft may be obtained by plain Diuiſſon 
only. ow | 5 3 e 


4 * L 1 
© 
* 
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N 1 N 


l ee ee ber t he en 


* 
. Me 
\ * 
wy 
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za) 4 A 
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a 1 _ 2 


e 
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9 
ö rl 85 ” 
p 23> & * 
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* Remainder | 


4; 0 0 
5 
1 1 
ef 1 


: 7 +26: 1 


, . | 
p 5 ya 
: . £4 % 
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Bu, « | Oo ops | TIES” x 
OS . E — I 15 * 1 3 
A 31 | C 1 
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ue it Ch. 11. 2 


I! 6 Ne n 7. Suppoſe it Were required to extract che Square 
= 4 nes 805 7 BE Sand ä to WED 12 Faces of Nen in "” W FE. 
—_ 4 


* (2645751 \ Fir Part of the Root. n 


— — 


: N * f — J - F 4 
4 * * 
* 


1, 50 Half the Rade LP IA a 
d 382,6: ** the Square of oon * 


* 2:0). 33 „ W e 

3 i, > OS fi CR, A 
5 . "1520004. nin ne oh 
%* Ba 2005+ Dy r , i TE Os why = 

; 5 27,545) 1987500 * Vers * „„ . | ” 1 


4 


; "4 , 2 22 5 1 
. 1 8 ** 1 


6 | £22992 


e 


$ 1 4 " * F £ 2 * 
1 5 1 
4 a 


Thus 2,645751) e 


5 700005 13228625 Ss ng 1 l R AE 
r 22ͤ ON 
% os ths 20457508" >” | 8 

. 1 22645731 . 82299 | | : . | 
* Haying thus got 7 of the 12 Figures re "= 48 
quired i in the Root NN 
A 0 reſt may be eaſily found oy. hs contract Way of Diviſion 
5 in page 58. $ Ts 
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292742 l 
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I. vt 11 1 * 1 
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7 * N e * 2 * N — | # 4 1 

| 1 3 8 ; * 
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ee I find the Root of 
* mired, © 


Thus you have two Wa 
either of * wth be 


7 W be 264575131106, ar war es 


ys of extracting the Square Root: $4 
praQlifed Veen vus likes beſt. * 


. 
LEE 


A. 


4 
; 


2 8 * g 2 * 


3g M * | Se "03 OY 25 
2 N | + a 3 

- * *Þ * m_— N 3 | N | 

" þ = * 8 c | . | 

* % 9 N | 1 


974 i 
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1 reg 
2 
* 2 = A 
N 2 . . 
8 4 A "IN ky 1 : 


Difference between the Reſolvend and the foreſaid Cube; that 


| , Is, Root admits of two Caſes; both which are to be very 


£ 


4 Lg T 1. 2 4 
4 N PT > ; J 
a 2 . 4 * 1 . * * 1 * =. 
A 4 U * ** 4 3 ON 2 - IT. . 
, R | r | 
| l e A & 7 "TS. \ 5 8 | .. K 
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* 1 8 * * 8 SK . * - 5 by "3 2 * X [ '> 2 4. a ; ** "> oof 
5 1 5 AC W = +*..4 . 1 1 n * . | "4 2 8 
15 Kd \ £ * % d 6 42 228 * 8 ”Y = 
FS, \ wy 1 
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3 * . by : 7 1 2 
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1 - 4 
4 * ad 
* * 


Set 3. 7% ExTRAcT the Cunt Roe r. 
HE Method I ſhall here propoſe for extracting the Cubs 


©. 


well obſerved. 


Having pointed the given Reſolvend, (as before directed) wiz, - * 
into Periods of three een, then ſeek a Cube Number by 
the Table of Powers (or otherwiſe) that comes neareſt to the 2 
- firſt Period of the Reſolvend, whether it be greater or leſs than a 
that Period. 0 1 { + 


"Caſe 1. If the Cube Number ſo taken, be leſs than the firſt 
Period of the Reſolvend, call its Root LEss than Jo ST: And 
ſubſtract that Cube from the firſt Period of the Reſolvend. 


C.euſe 2. But if that Cube be greater than the firſt Period of 
3 the Reſolvend, call its Root Mo Rx than Jus r: And ſubſtract 


the Reſolvend from that Cube, annexing Cyphers to, it, hart 
ſio Subſtraction may be made. a - 2 
IJ o0o the firſt Root, whether it be leſs or more than juſt, ann 
nex ſo many Cyphers as there are remaining Points over be 
whole Numbers of the Reſolvend, and multiply it with 3: Ihen 


making that Product a Diviſor, by which you muſt divide the 


Quotient will be the Reſolvend depreſſed to a Square, and there- 
fore muſt be pointed as ſuch, viz. into Periods of two Figures 
each. That being done, make the firſt, Root (without thoſe 

Cyphers that were annexed to it) a Dipiſor, inquiring how aft - 15 

it may be found in the firſt Period of the, new Relolvend (as bes. 
fore in extracting the Square Root) with. this Conſideration, 

that if the Root (now a Diviſor) be leſs than Juſt, as in Cuſt 1. 

vou muſt annex the Quotient Figure to it, and then multiply”; 1 

the Root ſo increaſed, into the ſaid Quotient Figure; ſettigng 
down the Unit's Place of their Product under the pointed Fi- 
gure of that Period, ſubſtracting it, as in Diviſion. ' And ſo. ® 

on from one Period to another, "as before. r 

Blut if the ſaid Root (now a Diviſor) be more than Juſt; as in 

Caſe 2. Then you muſt ſubſtract the Quotient Figure from a 

Cypher annexed, or ſuppoſed to be annexed, to the ſaid Diviſorz 4 
multiplying the Root ſo decreaſed into the Quotient Figure; = 

| ſetting down their Product as before, He. An Example or two = 

in each Caſe will render the Work, plain and eaſy. * 4 

Note, Each Quotient Figure ought always to be twice added to - 
the Diviſor, if tbe tabular Qube was taken leſs than Tuſt, or twwice 
 " ſubſlradted from it, if greater, via. once before you multiply by its 


aud once with the next Quotient Figure: at will be fhewn in the fol" 


lowing Examples ; which are therefore more exaft and conciſe bas 5 9 ' | 
4 done i the Autber in all the former Editions of bis Work. 3 
8: * al « a p | 8 2 1 Al , Ex. 1. 51 5 f 4 
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we De. 4, What i is the Cube Root ws 146363183 JE: given 
1 2 LE- | "th Refolvand;! 1 

=, © be pointed. thus 146363183 6 the beſt Root, lef than Juſt.” 
= 1 _125=the neareſt Cube to 1465 GEE. © 
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1 4 | 1 41 "45 1 104 
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2555 wier . 28 yy h 9750 0 BY * 2 


4 4 


3 | 7 2 . N _ 5 
_ ws * 3 on N to be 1 | 


_ "Bas the Root $527 is the true Root at the firſt Dpeenian,} 
_ 4 may be eaſily tried by involving it. 
31S „ „ 8 $27X527—146303183 the given Reſolvend. 5 
_ But if it had not been the true Root, then every Thing that bath 
2 Been here done muſt have been repeated; only inſtead of the firſt 
ſingle Root (viz. 3) you muſt have taken the increaſed Root 
een $27). and this 4 call a ſecond Operation ; which would 
= increaſe the laſt Rot to nine Places of Figores, VIE, Fe, 
N _ Operation triples the Number of Places 'in the laſt 5 [9 
wall appear further on. * {4 
N. B. It often happens that ut, froe, and ſometimes alt Plates | 
e Figures may be taken into the Root : eſpecially wheri the fecond 
e proves to be a Cypher, That is, when the firſl One, comes 
5 near to. be Arſi Period of tbe Reſolvend. 
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| 6567030867990 for a new * "Fa. 6 


75 2 13 ' Remains 9920636000 the . 
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fora new 
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In this Example I have taken ſix A rt into the Roots, bes 
* Ade the ſecond Place proved to be a Cypher. And in theſe fix | 
the Exceſs is not an Unit in the laſt Place; for if there NVerre 


made a ſecond Operation the wo would be 4071478 Sc." 


* w . 
* 
; 
7 — 1 , 5 
4 * * q 5 


EXAMPLE 5. EEE... 
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Let it be ehuired to extract the Cube Root out of this Number,” L 


a . 970 3706820890 9c 256 029 5b * F 
The neareſt Cube to 976. is 1000 whoſe Root is 10 more than Isg, 


its Cube 1000000000000000000000000000000 


|  — 9763796029907 3960279630298890, the Reſolvend 

© Remains | 23626397010926039720309701110 * 
The firft Root ro000000d00 x 330000000000. the Diviſor. | 
Then 300000000) r 110 "_ 


* 1 


iſt Root 1 3 „ 
* nag, Sis 7 5 


A * 


8 R a 
64 &c, Ake | 
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x Div. ” 9950 adi (2 


7955 1) k 9224s... true to the:6th Figure, and only 
88689 co little by an Unit at the yth, 
3 5 98417) DG at the firt Operation. / 
We. | 2 209255. 4 „ e 
4 Div 89 5 50 %% 2. „ 
* A , Pk he — 34 


For 3 a ſecond Operas (if For require” n no more » has ten 3 
Places of Figures true in the Root) you need only aſſume 


9920000000 3 Which on leſs than chan juſt, proceed wi as oO 
tollows : | 3 * | © # ; 


* | 
From the given 1 „ „ 
Su Cube * 992000000&=976191488000000000000000000000 © 


Remainder 1881149690739 Kc. EN. hy 2 
Then bee &c.) 19211498907396 &e. (6321068184 65 


* 9 "Ws | vi, e "I * 


6. i 3 . MN | - 84 | * ; i» Fe 
. FF 4 8 
, / RN 
+ OT bee. "Part, Cb. 11. 1 
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* 1 & 
* 42 ; , a ; , 


=” s * 
oy” wo $i SY =} 28. e 
— x ＋ j * 4 4 — 4 ** 


| 7. 1901 ; dt 9920000600 the Root aſſumed r 
4 e $37163,5 dd BY OC 
ot, $95236 3 | 29206371034 the Root true . 1 
368% dc the tenth Figure, and only. © 
A 2976369 too much by an Unit in the a 
12 — — _ 7 
1 99212677 71071281 . EM « Zo 
JJV ¾] OED 
992127) 1418622412 wg 
Es, e 4 $2: Hepe the Additions of * 
U — — 
BOY 58308285 Quotient Figure being of no 
VVV 805276 Conteguence, therefore the 
zh _—_ A . —̃ñͤ— — - Diviſion 18 carried on from : 1 
ß. 15 SOA, "no wa oh RO. 0 
4 E ö Eo / [ [ | E | 29763 5 5 . * of 1 ; 
JJ 5. 4 £4. t e 87 


: ; bb he 5 4 > 2 | he. 8 2A l * FN 
3 In the ſame Manner the cube Roots, of Decimal Party „ 


of Vulgar Fractions, pein 2 1 into 1 wy 
* * N ü * on f 


= 
— 4 Shs f 


, 2 | — # ; l a 2 * 
. 85 Seel. 4 Tv Exact the Brgy Apa Rood. "RE. LS 


N extracting the Biquadrat Ra; or that ahne fourth powerz oY * 
(and indeed the Roots of all even Powers) there are ſome ſmall | 75 
. ok gangs eaſily expreſiedandexplainedina few Words © 
as they are by an Algebraic Theorem (ſuch as ſhall be ſhewed fur- 7 
ther on) Lhave therefore in this Place made choice'of extraQing - 
ſuch Roots by two ſeveral Extractions; and the rather, becauſe | 
I preſume the Reader by this Time thoroughly acquainted with | 
gs the Buſineſs of -extraQting the Square Root, by whieh this may 1 
eeaſiy de rformed. Thus: N 

3 Firſt, Extract the Square Root of the propoſed Reſolvend, | 
"then the ee of that heb Root will be the yn, er 
Root 8 op Fo, | 
+ 


2 F 
© Rvample 1. "What is the Wee. Root of oy? 2416505 
FE Fun "a e I 7 oo | 


. 


* LS 
”y 
4 vv of U eg Roots e. 1 £ 5 
Y n. ae . i Ds 5 
; 3 — 362 S > Root is 6 
> NE" 1287 534476 Remainder e ” 4 8 
I Firſt Roby 6) | | 648766208 (un V 
5 "Res 4826 je PE 512 
i 20. | *& 4 „ : * 
696 668620 ; 
+ 9 626805 | | | | 
* 6969 418158 „„ ; . 
| A... . N > os | pI > 
SY | 
ud the firſt Root, whoſe Square Root 
"Then 650 i muſt now be erträcded. | 
| e 4 In 8 


29096 Remainder to be ie by 2 
ri Root) 14848 (264 the Biquadrat Rong was round. - 


2088; - i 1 * , * 
| _ . 1048 1 5 # * Fo" * 
A „„ 3 
5 e 93 5 4 
* 8 055 is ſo * 1 neeck not inſert any more . | 
* ; - A gp _ y " — * — — 


Ses. 5. To Eerkacr the Sons Roor. oy 


AvinG pointed the given Reſolvend according as its Index, 

denotes, viz. into Periods of five Figures; ſeeking ſucha. 
rſoliq; Number in the Table of Powers (or otherwiſe) as comes 
the-neareſt to the firſt Period of the Reſolvend, whether greater 


or leſs; and call its reſpective Root accorditigly, viz. more than 24 
Juſt, or leſs than Juſt; annexing ſo. many Cyphers to it, as there 
are remaining Periods of whole Numbers in the Reſolvend; as 


before in extracting the Cube Root: Then find the Difference 4 
between the Reſolvend, and the Surſolid Number ſo taken, by * 
ſubſtracting the leſſer from the greater (as before in the Cube). | 
Next find the Cube of the aforeſaid Surſolid Root with its an. 
nexed Cyphers (which you may alſo do by the Table of Power) | 
and multiply that Cube _ the Index of the Surſolid, ts 
Product muſt be a Diviſor, by which the Difference letween . I 
the Reſolvend and the Se Number muſt be divided ; ; oy | 


| 1 5 it may be depreſſed, " A { "28 fy Yefore. in the Cube) 
which müſt be pointed into 5 Periods of two Figures each, calling 
it the new Reſolvend (as before). Then make the firſt Root, 
* without its Cyphers,. a Diviſor, enquiring how oft it ma wt 
found in the firſt Period of the new Reſolvend, with this | 
_ fideration, if the Root /(riow..a,Diviſor)- be leſs than Juſt, . 7 
muſt annex twice the Quotient Figure to it; but if it be more 
than Juſt, you muſt ſubſtrad twice the Quotient Figure from 
2 Cypher either annexed, or ſuppoſed to be unnexed to that Di- | 
viſor or Root, multiplying it ſo increaſed or diminiſhed, with —*: 
the ſaid Quotient Figure, ſetting down their Product, Ec. as 
| before. An Example | in each, Caſe ' will render i it Plain and eaſy. - 
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Premple 1. Su it be Neauitel to extract the Surſolid 
eg out of this Number 12909 8009375. — 


4 41 
| 14889850937 5; The Reſdlvend genes | 
be neareft Surſolid Number to 1230, the Period 805 the SY 
e is 1024, whoſe Root is 4 being leſs lan Juit. | 


262K Therefore-12309502009375 e Mi gt HF 7 
. . — — hes. Ra * r x bo 
2206950200937 their Difſerehos. ds. 
2 the Cube of Nr 2502009375 per Table, os | = 7 
And 64000000 X5==320000000 the Divj wer? ee e 
Then 320000000): anc ot 1 3 4 1 
Hirſt Root 400 | VET | 
1 e 1 5 | 75 Ke 4 
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1 Wa N + 2X g=—þ 10 | ; 42 1. * . a Pa = "a . - 
e e \- HERS. © Res . 
2 . 5 24150 fat N 7 Be. 


2 V the Remainder to be rejected. . 


A! is 41 5 is 1 Surſolid Root of. the given Reſolvend. As : 
may be eaſily tried by iavolving it tö the fifth Power. Fiz. 


1 byes ot? Is N415 $41512309592909375 the given Re- 


| 1 bh Note, Here. again the — * uotient Figure ought \ to be wi ee 


= added or ſubſingHed, in the fame. nner as the fin les one wat di- 
_ rectod for the Cube Root, page 131, and the al nad the ur- | 
=. ſelid Regt in theſe taus Examples. is per formed actor 2 con- | 
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this Number 1 37353 I $1502 ie Reſolvend. 


4 TOR" 2. What is: the nt 2 278 59873 
The neareſt Surſolid Number to 232 is 243 ens is 3. 
being more than juſt. : 
| 2430050000009 * 
—2327934559873 0 ye 3 
- Remains 102165440127. For a Dividend. 
The Cube of wb is 27000000 and 27000090X5==1 35000000 


Then 135000000) 102165440127 (756,78x0 new Reſolvend. * 


- (Firſt Root 300 | 
— X2=—4 Z 10 Sa 
. 1 Diviſor 296) 756,7810 . J : 
—4—2X0,5===5,0 592 255 34 The Roat only $00 
2 Diviſor 291,0) 164,78 little by 2 in the 
—I—2x0,06=—1,12 145,50 Figure. 
3 Diviſor 289,88)- 19,2810 
&' ec. 
Now the Reaſon why this Root comes out to ſo many Mi 
of Figures at the firſt is becauſe the firſt Yucfolid 
Number was ſo near the R n As before. * 
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Se 6. To Exraker the Root of the San eva v. 


TY may be eaſily performed by two ExtraQions, — 

as its Name denotes. Thus, firſt extract the Square 
Root of f the given Refolvend ; then extract the Cube Root of 
that Square Root, and it will be the Root required: That is, it 
will be the Root of the ſixth Power. Or thus, firſt eng de 
Cube Root of the Reſolvend ;- then extract the Square Root of 
that Cube Root, and it will be the Root requi 


EXAMPLE .. N 
Let it be required to extract the uare cubed. Root out of f 


Firſt Lextract this Reſolvend, which I 
Weir Fae 9 5-40 


. 
» - 2 or. 
1 * 


6 
42,94 2 * 2 N N a 
* 1 — * 
L N by a : : 
| Arithmetic v Pare I. Ch. IX. 
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4 4 - : Thus 
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Pc found the Sac Root of the . Refolvend, 1 
5 to extra the. Cube Root of that e . 


1 men, of 381078125 | pe” * 
Then 7603=2160) 5) 3607s (ory 3 


* 9 7 
ge? 131 1 * 
7 4 5 * a N « 
Mae's CC WEE IO 8 1 
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1 Diviſor 72.) 516. \ +25 ” Dil e 1657 
1 4. "Le - Wn! $725 e e 
7 4 Diviſor 735 770 . IO 
"AO HG + LOA e "Os #3 01 PSShppy.cod. 3; 2s] 
„% SLE ag fs 
LEE I find 725, to be the Square Cube be 
may eaſily be hed” by involving it to the ſixth Power. That 
is, e 125125 AG 
Ws. 7353585025 a 
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beg. 7: | 'T, 0 Exraacr the an are of . | 1 19 Powns. IP 
[Aving pointed the given 1 Revlyend, as as its Ti — * 


uiz. into Periods. of ſeven Figures, ſeek out ſuch a Num- 
r of the ſeventh Power, b by the Table pf Powers, as comes 
neareſt to the firſt Period of the Reſolvend ; whether-it be 
* or leſſer, calling its reſpective Root more than Juſt, or 
than Juſt, annexing its proper ; Numbe of Cyphiers, &c. 
as in the Cube and Surſolid. 

Then find the Difference between the given Reſolyend, and 
that Number of the ſeventh; Power (found by the Table of 

Powers) by ſubſtraQing the leſſer. from the greater. 
Next find the Surſolid or fifth Power of ha Root with its 
annexed Cyphers (which you may alſo do by the Table of © _ 
ers) and multiply that Sutſolid Number. with-7, the Index ofthe 
given Reſolvend.; that Product mult be a Diviſor, by which the 
- toreſaid Difference muſt be divided, that ſo it may be depreſſed 
to a Square, to be pointed, c. as before in the Cube, Ee. 
then make the firſt Root, without its Cyphers, a Diyiſor,; 
Working with it and the new, Reſolyend. (as before] only here 


you muſt increaſe, or diminiſh the Diwiſor with thrics, the Que- 8 


tient Figure 

| Example. What i is the ſecond Surſolid Root, \ or that of * 

1 „ r 
of — LY the. Reſolvend, ea 2 
- 2187 the neareſt of the ſeventh Power. "la 

2 16428655395507812 5 © their Difference,” | © 
Ihe firſt Root is 300 being de 

of 300 is 2430000000000 which being multi ves with 7 is 

175010000000000 for a Diviſor, by which the aforeſaid Differ- 

ence muſt be divided; which contracted may ſtand * 5 


16428655 9658, a3 &c. * | 4 
"Firſt Root 300 nts 4 Ly lee * A - 1 

Ws | — THIS, > 360 apts Fs M1. 1 

1 1 Diviſor 360) 7 RT 2? # 
. G60-þ-3x08==-75 $4 K. L n 


- 2 Diviſor © 433) 
A + N "978 * 1 9 $4 233 P +] j | . 
1 2 rejected, as 


. wi bead © uotient —.— for n 98 Nad 8 Power, page 770 


ee e . 
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eſs than Juſt, and the Git Power | 
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„ eee to.be the true Root required, chat 
'+ Hb the true Root of the ſeventh Power. 

T think it needleſs to proceed farther, viz. to inſert Exambles' 
ef bigher Powers. For of what is already done be well under - 
Rood, it will be eaſy 8 conceive how to proceed in MR 

the Root of any ſingle Power how high ſoever it be (for the M 
thod is general hot alike in all Powers) due Regard being had to 
their Indices; and to the firſt fingle Side or opt. That ts, 
whether it be More, or Leſs — a0" „ 

Feet methinks 1 hear the young Learner ſay, it is ampolible | 
to follow the Directions 44 Exam Pets as they are bere laid 

"down; but ſtill here is not the Reaton e es they are fo, and ſo, 

| performed; ; and why there ſhould be a'Remannder. left after 

Aae Root is cM viz. when the given Reſolvend hath a true 

3 * of its K | 2 

6 is true, he berge of theſe are not ee lows nei- 
ther indeed can they be rendered fo plain and intelligible by 
N ords, as by an Algebraic Proceſs, from whence the Theorems 
= Rules here given, had their firſt Invention; as ſhall be ſhew- 

ed in the 1 Nang when T come to treat of reſolving com- 

pounded or adfected Æquations; however, take this ſhort and 
general Account of this Method. 

This, and all * of the new Methods of Canverging Series 
{as they are called) are very different from the former (and ſtill 
a Methods of 3 Roots, which require the firſt 
ſingle Side or Root of the fart Period (in any Reſolvend) to be 
taken exactly true; and then by involving, and other tedious 
Ways of 7 75 t, there is formed a Diviſor ; which helps 
to grope out 2440 2 ſecond Figure in the Roet. And ſo 
2 on —— oint to Point; ſtill repeating the whole Work 
tor every ſiogle Figure that comes into the Rogt. And if by 

Chance there be a Miſtake or Error committed in any one Fi- 
gute (as ft is poſfible there may) it ſpoils. the hole Proceſs, 
dich muſt then be wholly begun anew, or at leaſt from that 

Part of it where the Error firſt entered. 

| But the Nature and Deſign of the Method which 1 have here 
laid down is quite 2 it being ſo contrived, as to gra- 
| dually leſſen the Differencedetwixt any propoſed Power, and 
e like Power of another Number —— biz. it leſſens that 
Difference until it is either quite vanquiſhed, or becomes ſo 
_ infinitely ſmall as to be inſignificant. ks 
1 8 dae any n is propoſed to have its Root ex- | 
- - trated, it is here take the next neareſt Root of the 
"INE ficſt ct Period e ivend that fo che Diflrence betwint the 
4 45 9 
"ip 
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of ExtraQting Rost c. 1 
Power) of the Root thus taken, may be leis either in Exceſs, or 
Defect. Which Difference being reduced, ot depreſſed lower, 
becomes ſo prepared, that by plain Divifon (comparatively). 
there will ariſe ſuch Quotient Figures as will both corre& and 
increaſe the firſt Root to three Places of Figures atleaſt, ſome - 
times to tour, or: five Places of Figuresz according as the ſaid 
firſt Difference happens to be more or leſs (of which you may 
have obſerved Inſtances) : But yet there will be 4a Remainder 
left, and po an Excefs or Defe& in the Root ſo creaſed, 
wz. in the laſt Figure of it. W 3 
No to reQtify the ſaid Exceſs or Defect in the Root, and io 
diſcover whether the given Neſolvend be a true figurative Num- 
# ber, or not: That is, whether it have a true Noot ot its Kind; 
it will be neceſſary to make « ſecond Operation; by taking the 
Root ſo increaſed, and proceeding with it and the given Reſol- 
vend, in all Reſpects as in the firſt Work (like to the third 
Example of extradting the Cube Root); I fay, if the given Re- 
ſolvend have à true Root; it will appear at this ſecond Opera- 
tion, and all the aforefaid Differences, Ac. will be vanquiſhed; . 
provided the Root required is not to have more than three, ox 
four, Places of Figures in it. „ 
But if the Root be to have more than three Figures in it, or 
that the given Reſolvend prove to be a Surd Number. Then 
there will be a Difference as before; which will afford Quotient 
Figures to rectify and increaſe the Root laſt taken, to three times 
as many Places of Figures, as it had at the Beginning of that ſe- 
1 cond Operation . As you may ſee in the aforeſaid Example 3. 
of the Cube Root; Wherein that Root is increaſed to twelve - 7 
Places of Figures at w Operations; Which if it were ſo be 
extracted the Old (and ſtill common) Way, it would require at 
| leaſt forty Times the Number of Figures I have here uſed.” ” . 
Again, if there chance to be a Miſtake committed in aux 
Operation performed by the Method here laid down, that Ni 
take will not deſtroy e precedent Work, but will be rectiſied 
in the next Operation, although it were not diſcovered before, 
And thus you may proceed on to a third Operation, which will 
afford 27 Places of Figures in the Root, &c. with very little 
4 Trouble, if compared with former Methods. Oe ES . 
be The brief Account which I have here given (by Way * 3 
nl Plaining the Nature of this Method of extrafting Roots) being | 
well confidered and compared with the ſeveral Operations ofthe | 
foregoing Examples, muſt needs help the Learner to form fuch 
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— Part I. Ch. xr. 

of any ſingle Power, how 

2 3 it be, e ny Help of an Algebraic Theorem. 

Not but when that comes to be -once-underitood, the Work 
will be much re di r will . 2 

the next Part. * De . 
I did intend to e * be hole Buſineſs of Intereft 


- {5nd Annuities; but finding that it would require too large a 
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Diſcourſe, to ſhew the Grounds and Reaſons for the ſeveral 
Theorems uſeful therein, I have therefore reſerved that Work 
for the Cloſe of the next Part: Neither indeed tan the raiſing 
of: thoſe Theorems be ſo well delivered in Words, as by an 
(Algebraic Way of arguing ; which renders them not only much 
4 but alſo plainer and eaſier to be understood. 
I have alſo omitted that Rule in Arithmetick: uſually called 
ions 


the Rule f Poſition, or Rule of Falſe: Becauſe all ſuch 
gueſſing Rule, are much better done 


as can be anſwered by that 

by any one who hath but a very ſmall Smattering of Algebra. 
541 mal therefore conclude this of. Numerical. Aritbmetict, 
and proceed to that of Algebraic Arithmetick, wherein I would 
_ adviſe. the young Learner not to be too haſty in paſſing from 
- one , to — ond, then is will ends it i 2 * 
attaint | £4 Wa 
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TAY 7 NG — m @ * Ta of ALGEBRA, 
perbaps it may ſeem (to ſame) very improper to write 
again upon "the ſame Subject; but only (as the uſual Cuſlam is) 
to have referred\my Reader is that Traci. However, becauſe the 
following Parts of this" Treatiſe are managed by an Algebraic 
be Method of arguing ; which may fall into the Hands of thoſe wha 
have not ſeen that Trat, or any other of that Rind; I thought 
„ it convenient to accommodate the young Geometer with the fin 
Elemente, or principal Rules, by which all Operations in this 
are performed; that ſo be may not be at a"Loſs ar ho proceeds 
farther on Beſides, what I formerly wrote was only 4 * 
dium of that vullich ir here fully bandled at large. 

The principal Rules are” ADDITION, SUBSTRACTION, 
Mvr.TiPLICaTION; DrvistonydnvoiuTION, and EvoLvu- , 
'. TION, as in common ARTTHMETICK but differently performs 
ed; and therefore ſome call it AL.GeBRAtc ARITHMETICK, |. 
Others call it ArITHmETICK 1N Sri, becauſe all the 
Quantities concerned in any — remain in their ſubſti- 
tuted Letters (howſoever managed by Addition, Subſtraftion, 
 # _ or Multiplication, &c.)\withoutbeing = org changed | into 

1 others, as Figures in common Ariibmetict are. 
1 © Mr. Harriet called it 3 SpnC10845 .or Specigys 
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RACING their STEPQ, Se. 
Sect. 1. Of Norariox. 


various, according to every one's Fancy; but 1 ſhall here 
follow the ſame as in my former Trakt, and repreſent the 
Quantity ſought (be it Line or Number, &c. r y the ſmall (a,) 


and if more Quantities than one are ſought, y the other ſmall 
Vowels,-e, u. or y. 


The given Quantities are repreſented by the ſmall Conſo- 


Nats b. © d. f. g. Oe. 
And for Dittin ton fake, mark the Points or Ends of Lines 


in all Schemes, with the capital or great Letters, VIZ. A. B. C. 
„ 


When any Quantity (either 85 or fought) i is taken more 
mber toit; as 3 a ſtands for 


. @ taken three times, or three times a, and q 5 ſtands for ſeven 


times by Oc. 
All Numbers thus ene to an y Quantity, are called Co- 
e or Fellow Factors; — they multiply the Quan- 
tity; and if any Quantity be without 2 Coefficient, it is always 
fuppoſed or . to have an Unit prefixed, to i RO” is 
1 4, orbis16, Oc. n 
„ Ai 5 by which e chiefly managed are the 
fame, and have the ſame Signification, with thoſe in the firſt 


Part, page 5. which 1 here preſume the Reader to be very well 
acquainted with. To them muſt be here added theſe three more, | 


; G. Involution. 
Fi x. 2 iT the Sign of Mee Rost. 
* | Irrationality, or Sign of a Surd Root. 


Al Quantities that are expreſſed by Numbers only (as in 


Fulgar Arithmetick ) are called Abfolute Numbers, 


- "Thoſe Quantities that are tepreſented by Gngle Lener, as, 
4. f. c. d. &c. or by ſeveral Letters that are immediatel 


Y 
3 as ad. ed. or „ e eee ingle 


whole Quantities. 
But when different 8 repreſented. different or un 
like Letters, are connected together by the Signs (+ or —) 3 
as b, a—b, oa ab—dc, &c. they are called Compound whole 
. Quantities, | 22 
I FAM 4 ; 
* * 
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The Sign wherewith anche are eee. always belongs 


to that Quantity which immediately follows it; and therefore all 


aq 
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cath 


the Quantities concerned in any Queſtion, may ſtand in any Or- 
der at Pleaſure, viz, the moſt convenient for the next O 


As a 


d may ſtand thus +—d +a, or thus 4 
—d+a+5 &c.” 2 being fill the ſame, 


ced. 


That eB op which hath. no "Al before i it (as gene 


32 the leading Quantity h 
the Sign F before it. 


pPoſitive Quantities are underſtood to have it, 
that are to be added. * 
But the Sign — being the negatiye Sign, or Sign of Deſect, 
there is a Neceſſity of prefixing it hefore that e to N 


it wan, eee. the Quantity, . 
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IE 


ration. | 


„ or 
gh erent 2 


erally 


hath not). is. always ,underſtogd to W 2 2 nl 
As à is + a, or d is +& 
the Sign is the Affirmative Sign, and therefore 
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4, &c. for } 

leading or 

I} as thoſe. 
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| Sea. 3 2 "of TRACING the Srrrk ud in bringing Quan © 
" TIES. to an EQUATION. , 
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\HE Method of tracing the. Steps, uſed in, bringing W 
Quanfities concerned in ahy Queſtion: to an E 


is beſt 


performed b 
5 igures d Si Signs 20 


ork, accord- * 


iſtering the ſeveral Redbone Go 
in the Mar gin of the 
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ing as the ſeveral Operations require; PCs very vſeful f in long 
and tedious Operations. 


For Inſtance ; It it be required to ſet down, and "tes me 


Sum of the two Quantities,,a and ö, the Work will ſtand, 


Tun 1 1 


Firſt ſet down the propoſed Quantities,” à and b, 
over-againſt the Figures 1, 2, in the ſmall Co- 
— lumn, (which are here called Steps) and againſt 3 


= 3)a+b (the third Step) ſet down their Sum, viz. fg. 


Then againſt chat third Step, ſet down 3-+2 in the Margin; 7 
which denotes that the Quantities againſt the firſt and ſecond Steps 
are added together, and that thoſe in the third Step are their Sum. 


J0o illuſtrate this in N * o—_ and 3 


1 Then it An bes 
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t+alj3 5 ge guns 9. and 6. 


0 


: N 
4 A 
N 
, * 5 
* 
. CE 


* * „. 


uk 


of. = 
W. CS 


1 N. hs 


_— 


«a, 


4 


1 3 


* 


RY 


— 


2 1 * 
=" 8 
© vg —_ 
\ 4 LI _ 
— 1 de 
4 , l es 
"Ay wa 
. x * .— 
* * 
= * 
1 8 7 
** | 
or l 
4 ud 


8 . 52 Ig. — FT Os 
by 9 * : 7 . 
145 2 eee 20 Part Tl. Ch. r 
* Again, If it were required to ſet fa the Difference 8 LY 
- =, * two e it "a Oe . 
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__— "I = "the Difference W 9 and 6. | 
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deb the Bangle or Froduct of thoſe Yuantities they repreſent © 


nin the l ample, * ab = 54 4 * * 4 = 2 
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18. If eg 1 Genes be added to equal Quanities the Sum | £% & 
3 lo theſe Quantities will be equal. 
_ = 2 Tf equal Quantities be taken from quay Quantities the. * 5 
.Y 5A ” remaining will be equal. 


_ ual Quantities be multiplied with equal Quantities, . 
* x. | - Kei ho er be equal. F | 2 > 

3 4. If equal Quantities" be divided by unequal Quantities, | 85 2 
1 XK A - their Qvotients Will be ou. | 1 
4 E 2 5. Thoſe Quantities, that are equal to” one and the fame i 
Thing, Are equal to pne another. 
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1 . Theſe Things Pein el 1 A 7 e 11 : 4 | 

1 Fa he Signs and their Significations being gained, the 

Arat may proceed to the following Rules. But firſt - ; 

make bold to adviſe him here (as T have formerly done) that * 3 

Ft 3 F. * de Very ready in one Rule before he undertakes the net. 
T "That is, he ſhould be expert in Addition, before he Baade 

1 . with Sub traction; and in Fubſtracmion, before hie undertakes 


'., © Multiplicationy e. becauſe * wy a INIT, one xd 
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"DD ITION of 8 Quantitian admits of three $0 x 
Caſes, Cit” 1 * 
Caſe 1. If the Quantities are like, and have like Signs, add. * 
the Cor efficients or prefixed Numbers together, and to 1 * 
2 adjoin the 1 with the: ſame dien. + 


WR. = Evans. 1. Bram 2. Exam. 3 en . 
een K ono 35. ot BE I 4." 
"=; . 8 


65 8 — 1 — — : N a 
e e eee IIA „ 


ly n 


ki 8 3 pe is 
ale bug Exom. 85 Exam, 6. Thom? E RAS 
3 # . 30+: 5613a—-5h ie i 
: * Fs 3, 5 5 i wg; W „ y 
bee: | r 3 


2 * be Reafan of theſe Alen, is * from 7he Work of c 
| mon Arithmetick. For ſuppoſe a, to repreſent one Crowns to which fa 
” if J add one Crawn, the Sum will be two q 1s, or ad, in Ex. 1. 
1 Or i awe ſuppaſe —a, to repreſent the" Want of Debt ef ane 
4 Crown, to which if. another Want or Debt of one Crown be added,” 
| the Sum muſt needs be tbe Want. or Debt of two Ge or 7 2 
k 4 in Example 2." And fo for all tbe rel. 4. 70 
| Caſe 2. If the Qyantities are like; and have ankle Sig 3 1 
* ſubſtract the Co- efficfents from each other, and to their 
10 eee join the Quantities with the Sign of the . be 
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| The 20 os Operations in this Caf may be caſo ly under-" 
fd by any one that duly conſiders the comparing of Stock and 
"Debts together, or the balancing e Accounts betwixt Debtor and 
. Creditor, That is; the affirmative. Duantities repreſent the Stock 
r Cfeditor: The negative Duantities repreſent the eber; 5 _ . 
3 dhe Sum, repreſents the Balance, &c. | 
+ Caſe 3. When the Quantities are unlike, ſet them all r 
af BY altering their Signs; and thence will ariſe compound 
8 E which can be no otherwiſe added but by their Signs. 
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[#4 | To ſubſtraft an affirmative Quantity, from an Affirmative, 
Þ 9g. is the ſame as io add a negative Quantity to an Affirmative: 
VS that is +24 taken from ＋za, is the ſame, with —22 added to 
.* * Conſequently, to ſubſtraCt a negative Quantity from an 


| | rmative, will be the fame as to add an affirmative Quantity, 
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5 If theſe 1 3 Examples be compared with thoſe in Aube, the 


3 Work will appear very evident, theſe being only the Converſe 
or Proof of thoſe; according to the Nature, of Additien _” 
: Sn in common an. > 5 | 
, Fa | „ 
- ates ; q 


Þ 8 eee n ede. 


* A I + N 320 3-428 3 
RP 2ja—b — Z * 
e e , 
\ FER W - - 
6 #6 | | ; | "6 | 4 a 
N f * » > =: 
og] SH 
w -u p 
1 * * 
a0 
— — N 


Y 2 x OM ak "Agri. 
#13 5 
5% 


* 2 ht. 


——— ee 


1 5 a+ bug 1 
YZ * n 1 4 43. . 75 N ; . Re 
At Fe ö 
1 * 5 That #5 taken from _a-#b Weber 425 for iy ” GY 
#4 "as if the. firſt of. theſe . 0! be ** 7” 3 

1 4 Let | 1 | afb=z . 
=> 1 2 | And 2 A i | - 1 ho, 5 3 of n 
Oo a+6[3Þ a=xb ©» hula. „„ OBO 
I Dann Rd NET 
= #46 5 ab 1 which was tobe proved. 1 
1 4 The Truth of all Operations in e . any- - | 
: 4 4 Wendt ariſes, may be proved, by adding the Subtrahend to he. 
1 = N 2 ohatler, as in common Arithmetick. x. 
1 „ . 

i 

1 


«% 
2 
X 
= 


= 


— x 
3 


= | | Take|2 4-3 = ſauberabend. vt” EIT". 
_ === = Dh Remainder! - 1 


3 "A 2 


CULTIPLICATION of whole a - | 
mits of three Caſes. E 4 


ei. When the Quantities 5 like Signs, pet no EY 
= efficients, ſet or join them together, and 2 the An WS: at y 
= x. fore owe and that will be their Product. N | 


: 4 . —_ * 5 4 3 : 
[Exam. 1 [Exam. 2. Er, — | e | 
1 . a . 
| „ | 


, sl 43 | Ti 2 Yah 


- Co 2. If there be Obel multiply them, and to their 
bad "0 the Quantities 15 eee a before. os 5 


: 

5 ®. 4 0 Thus 
” - I 4 ” 
> 4 - * by o 

8 7 . " : 
\ © 4 
: «> : * * 
* 


| WY "We at 45 * b oY pA L. "3 a; 2 
* | Matdpticarion of Quantities. x 50 0 +. 
= 11 7 wm [races 5 N * bt: 45 
: 5 4 :Cafe 37 When the Quantities ies wikke 895 1 join hm 
05 the Product of their Coefficients together 17 - 55 
; : Wh the 1 — before them; . * 
| "ol « cam. 10. Nam. 11. Exam. 12, $i 3s Wh 
" nM {+ 4 3/-- 1 2. "a 
OE - $38 
> "3X 2 e A 3 
5 That is, . into +, of into =, gives -- „ 
. oY 4 But + into —, or — into +, DR "HIYA * 8 4 i 
* 0 =. 


| That + into + will produce in the Produtt is evident from 9 
. Multiplication in common Arithmeticks viz. +5 into + 7 will LT 

ive+ 35, Se. But that +1 into —, or — into + ſhould pro- * 

þ. * the Sign—) as in the four'laſt Examples; and that—in- * 
to ſhould produce the Sign +, as in the ſecond, fourth, ang 
' ſixth Examples, may perhaps ſeem-ſomewhat hand to he's con- 7 

ceived; and-requires. Demonſtration. \ 2 3 


to prove that —75 era a, As in n fr. 
1 ppoſeſi E * 
Then e willl2 


Butz +3/=+; * pry | „ ; * N * 2 

| 2X3141124/=21 fer Auiom 3. I 
| — bs yy PR a per Axiom . | * | 
F 


Conſequently-Qnto — or—into produces» which was «the 
Thing to be proved. 


. Secondly to prove . al gre fen in 5 
1 2 Example 1. 257; 
2 a | Then AA 
| | . But 32. 1 * 
ah „ r "ro J 
1 421 A7 1 eee r An II. 


* ers — into ek. which was to be . 


0 | 


+. + 


1 
FT. 
8 
. 


* 


2 


th . ee en, * he 8 


n 


8 * * 1 * » 


* 


Ne, according to the "precedent Rules, will be, g 
e hich if true muſt be equal to. 24. MEE - 
5 * Sat 1 3 e —_ 
„ bd=14X 8=112 d 8 X 20==160 5 2 Fe 
3 * Hence oc+Hbd=352 r Axiom 1, © "6. 
1 | c e being ſubſtrated, + xy 
—_ | Cans o which, plainly 5 
_—_— That+into—produces—} SY 
W in 1 3 4 9 
ad r 
ü 1. 1 ; 42 88 1 * * + ik 
_ "Fe S 
Fa 5 Note, If the Multiplier conſiſts of rt Terms, FT, every 
dne of thoſe Terms muſt be multiplied into all the Terms of the 
Miulaplicand; and the Sum of thoſe particular Products, n, 
4 * be 8 Product "Sit as in common Arithmetick,” . 
©. — 3 
1 5 1 * 4 PL ES. . 
ö 7 ; * L ® " 4 
—_— 7 1 y ** " 
__ Jag RL is e ee” HY Yet * 
rere 1 [21ba+154a” 1 
XNA 9% 284% 4 "he 
1 34 N e LY | 
1 1 „ 
n b e * ö 
5 * 5 N 1 . 3 r 2 
1-2 1 
—_—... eee c 
_ "BY FA = ==2da—4a—$ | +baa—bba4bB*®. © 
7 1 X al 3. r 
i} 75 * 5 
A 


* 
- 
. 
*.* 
WY 
* 
* 
+ 
: 
FB. 


* buen of ene, 1 555 


12 1 1 W LF ks. N a 


L * 95 4 _ 
9 ys * * a 
MT. . # «2 * 1 
ed Aid 3 * E . 1 5 3 F07 
E * + 7 us © _ *. "6 75 
, * . a- 4 + *. 4 * 
— * $$, "4-4 4 1 8 . . 1 


| 


. py buen geen, 


Di ifon of eg þ> abocomerts or dire contrary at ob. 1 
Mul tiplicution, and conſequently is performed by converſe ' 
rations, (as in common Arithmetic) and admits of four Cafes. - ». 
— Caſe 1. When the Quagifities in the Dividend, have like. 9 
8 thoſe in the Diviſor, and no Co- efficients in either; calt * 8 9 
off or expunge all the Quantities in the Dividend, that ate like ES 2K 
thoſe in the Diviſor ; and ſet down the other n with 

the Sign ＋ for the Teens . we 


| ES 423 a = * 7M 
n | FB 2 N , x Y 
I>2 13] 4 A 5 E 
' Caſe 2. When the Quiletities 5 in * Dividend have ae _ 
Signs to thoſe in the Diviſor ; then ſet down. the Quotient * 
Quantities found as before, with the Sign — before ben. 
Thus 175 - ab abc + bed + bef | > gs; ATR 
2— bj #5 — be 1 e "3M 
ys DET at Tt 00 N 4 


cn 3, If the Qyantitievin a Diviſor, he 
Goats divide the Number (as in common "wy <a * 


© and to their Quotient adjoin their Quotient a N 
8 42 ab 12 of —21 of MLA RD : RS. 
. | 1  N . 


0 = - ny 
4 * 4 7 3 _ : = 


Nee, When the Quantities and | Co-eſpcitnts in the Prin 

and Dividend are all the ſame, the Qyotient wilf'be anUnit, or 1. | 

ab |. gb 6b +3 bf ee, 
ee 


507 ab 1 | i 
g #7 ab + 1 * | "78 Y 


. 


= 


Caſe 4 When the unde in the Divifor « 9 be — 5 
actiy Fund in the Dividend; therifet them both down like a 


3 
0 % | 


ö * 4 

De. "WE in common Arithmetick. | . 7 

ah | 0 OY pit _ Pia 7% 
4 "we | 
_ x * H 5 
F "yg, 61 . . . IS. N 
# « 5 . 
| x — 8 * 
N * y dis n 
= * - 7 *, 


en 152 N . Ln 
NV. B. In Diviſion one thing mu 5 r 84 
vi. that like Signs give ay unlike Signs give in the Quo- : 
* tient; which needs no other Proof than that already laid down 1 m 3 
tte last Section, if duly compared With what hath been ſaid « Son- | | 
SHS typ and N on, in Vulgar Arithmetiet. 


— 


* o 


. - Ecanple of ' Divifon at large. __ J 


2 h 'ÞS> | 4 ec | The 2.0 . * 
Ne - o | 
Ph 158 1.7 b+3 E 11 W ts 8 
RTF ——— e 
N 122 440 0. ERECT BIS © 
LAY: -. 1. . 
_ # ES ee Quotient colleed from the 3; 3315 der. oth 
—_— 5 755 
f Or Diviſion of Quantities may land as Numbers in com- 
5 mon Aritbmetict do ; thus. AE 
1 72 (2 Ä 4 16% \ . * 
. ; 1 off 7 aaa 12 aaa e * F "WA. + 1 YH N — 
_ : L, 3 > 78 > * | 8 ; 
* "FLY ION &7 oF * 0 ＋ * 12 4a 96 .* FRM 4h A 4 P 8 * 
A 12000 =— 24, aa” "i, \ Fe TT 
# — ——— "APY 
SR, Fes 0. 17244 —9 1 4 4 * 
VJ 
. r. 8 5 n 5 r | WT 1 7 it; 9 * 48 a—g6 4 8 3 Wh 
7, OR NOS mans ee-5 1, o—!- ane 
ASS. OR ogg 3 E 


8 That in, = dive 2 aa "IE 16. 
for the Quotient, as may eaſily be proved by Mu 19 +16 


n 4 Wr 664 964 
on ger The reth.. 5 


6 . * 
- — 7. A 

* , & ” k 0 1 » 

* © 2 8 . 1 » * 

1 Wo 11 2 % N P q * + \ 
kX 4, 4 - 4 ye F- * = of. 4 * 
5 _ I 
: — — 
. 3 — 
3 - 


2 , 


4 * 


r# y * 
5 r n we; 
. * wth 7 


- - Tan ai dh % — 
OT — n 8 = . 
* r a 1 

— ar tut FS INV ” I R 


i i 3X Tr T Notation >the mitt ing 2 7 % any 
=_ propoſed Root, and is rmed in all — like Multi- 
-/ plication, fave only this; Multiplicationggdrts of _ WE, P 


e ſame. 4 


IJ ent * but wolution ain Naa 
SAAL 


2 f 


= » 


25 , 


3 
— 


Gib —aae: Cube, or third Power 
4 | | th . | 


are called Indices of the Power; and are ew placed over the 


be involved along with he n in theſe, PW 3. i 


ww waa wo” 


if there be any. As fopinſtance, 8 er were ere to 2 


0 
involved to the fifth Power. 9 2 * ES 

* | 8 * * i l « 2 
* N 3 — 

| 4.” 4d > A ; . : _ 1 

| +6 « Binocaial Ro FF | 
5 # | © 2 1 = 
n 

. p a \ 1 . - ö * 7 

8 am. * ; 2 pur f IF 3a # © 1 

| . ig, 1 4 : * „ 1 — »* N 


; . -Iavolution 4 dee. 


4.8 2 . . PT Yd 1 44 
| "EXAMPLES ELLE 
| * f yy . 4 P — 55 2 
\ "35 7 
1 


49 I fs Root, 8 F 
1 1 %ę |+ aa } Square,” or ſecond Power. _ 


4 | 4 [aan | aged CIOS or n Power. 5 8 5 


x3 


a - Note; 7 The EE CLE acedi in the . after Ne S (80 
of Inyolution, ſhew to what Height the Root is involved; and 


involved Quantities in order to contract the Work, eſpecially 3 
wu the Powers are any 2 high. 5 "ny. + - JP 
9 eee 
ar | 1 | $a; n 5 
2 "An * 4 a6 ,,,ĩb e OH PL 
od 14555 —=aaaagbbbbb-. ee 
* 03 33 A anahbbddd 1 


oY the Quantities have Co-efficients, the Co-efficients 8 „ 


We, yh ork 3 * 5 1 i 
Thus 2.4 * — a © dy; of be 4 x \ * 2 #9 * 5 - | * 4 3 
22 5 g TY 1 SY _ N 1 N — 1 J 
„/ us, 
"I3} 3 aaa j-—27 eee | 125 bhbecer © Og | 
414116 aa Y ST aaes | 625 5* + "7 WS: 
2 [5[32 008 2-243 a* [312548 &, wil 


Involution of e is — r „ 
manner, due regard being had to their Signs and Co-efficients 


* 
& £2 * 
: 


o 15 * 29 19 
9 8 20 8 1 
| * 4 1 78 Nr * 
3 e 
I» 4 e : Me 
# b * £ 


” 


4 
— 


PIES * 
2 —— 
. 1 
9 3 0 
. fend 
TE * 


0 Ly 
-—— RS hg 
- oy = ft mere ts — — 
i — 
a N _— 2 


+ SS 
oY 


a*ÞF3 eee 
9 + 5 


8360 we 
i$4* * . + Yi 
On 7 » 


: 
* 
pt 
- 


8 wy TOS 
Ss; . 


—— FEM — W n 
+ 3007 22 ang Lon ITY 
8 124 a*b- An eee : . * 4 


4 


1 . Fe 


8 a 8 1 
| 1 a . 


— — N 75 


=> 
1 5 
Cw 1 Fd "OK 
x 7 as ® 
* : 2 71 * bY 7 


—— — pr TATE + ROE... IE BN 4 ren, 


— 2 1 2 
1 . 9 * 4 bo, I 5 . dl * * 44, 


"By compari "theſe two Examples together, boy may % 
ie following . 

. That the Powers raiſed from a RetullRobt (wiz. the Dir. 
ference of two Wut are the ſame with their like Powers 
+ raiſed from a Binomial Root (or the Sum of two antities) 
>. fave only in their Signs; Ng. ial Powers have the 
1 Sign + every Term, bt efidua) Powers have the 

Signs + and — interchangeably to every other Term. 


* P 

- 4 a 4 * - 2 
„ 3 4 * * 
lt 1 . 4 * 
4 414 

* vs. # 1 
G % 
1272 4 * ind #546 4 


A The = 5 * . * 5 8 x 15 I 3 ; 


5 5 my 13 r ene * N . 


: r 1 1. 2 EN OS | 


| » * ; 2. ; The mr of the . A. * 2 >" Quaptit ai th, 1 8 | 


\ 
=; \ p : * o * * 
* 9 en * 


N 


Iavolu ah. eee 1 
e In the Cube was, 4, To e diet, 


| —Y aaa, da, K 3 
"©. 2, 08 lndices of the or Quantity do continually reds - 
in Arithmeticg] Progreſſion; vig. In the Square it 18. bb: * 
the Cube 5, 55, BB In the Biquadrat , 3 bbbb, Ge 
4. The firſt and laſt Terms, are always mow Powers of the 
fingle Quantities, and are both öf the ſame Height.” 


5. The Sum of the Indices of any two 4 together 
in the intermediate Terms, are always equaf to the e Index of 
the higheſt Power, viz. of the firſt or laſt Term. 


"Theſe Obſervations being duly conſidered, it will be eaſy % 
conceive how the Terms of any propoſedPawerTaiſed from a 


Binomial or Reſidual Root muſt and, without their Vacie or 
Numeral Figures. 


For Inſtance, ſuppoſe it were required 10 raiſe the Binomiat 
Root a+þto the ſeventh Power; then the Terms of Yue Lower | 
Weill ſtand. without the Uncie/im-this Order. 2 


v and eue e 55 J 1 


. And becauſe the Unciz (not only of any ſingle] Lois, th bi 
2 of every ſingle” Power, how high ſoever-it be, is en Unit or 

(which. neither multiplies nor Aue and all the Powers of a 
Binomial or Reſidual Root are naturally raiſed by multipl — of 


* 7 Ya 


the precedent Power into its original Re t, Which is 1 
only joining each Letter in the Root to . 
with it's Unciz, and then temoving the ſaid Power, Lk, it 
is ſo joined to the ſecond Letter one Place: forward: {either tao 
the Left or right Hand) it muſt need#-tollow, © we. 
That the Unciz of the ſecond Terms (ig a ſuch Power) 
always be the Sum of ſo many Units added t * mote o 
as there have been Multiplicatigns of the ft : which 


always be rere by the Index of the * Tn i in de 


Power. 


And becauſe the Vaals or all the iterwibdiate Terms, x7 
7 only removed along With their Letters, it allo follows, tha 
they are added together, their reſpeRive Sum will produce the 


£8 
= 1} 
hs 


true Unciz of the intermediate Terms i in the new raiſed Power. 


Ass doth plainly appear frum the following Numbers ſa removed 
Without their Letters; which both ſhews and demonſtrates an 


ea Way of producing the Unciz of apy ordinary Power Fiz. 
- oft 5 = Wy raiſed from vers Boop or Resu 


> * 


oy 


ey „ 


3 
E. 


4 


WW 


* 
[4 \ 
* 


% 


Songs Ws” | * 8 


8 q * 
£ * 7 
81 

Fm . 


4 3 75 N 8 = 4 85 91 | err my 


,' 


3 1 * 
> PR 7 
* ; * * 7 F * = * 
22 „ 
o - . a 
- 1. . 4 9 
* 


n 


: ſ -, = 
r K 


1 E 4 * 
„ VIS 4% COP 
. U — 
2 To 9 
* 
% 


„ 10..430; 
2 1 þ $44. 3 . 10 


10 


The wo bag of the Rove, 2 


be e Uncie of its Cube. 


—ç 5 
„ The Vacie of the 9h rover. 


8 * > #4" 
ar, 


* 1 OY 7 


ebe Unciz of . : Ty 


-- e. at 70 Ch.s 17 


v4 


o 


iS, 
F 


+: "Vaciee of. the fifth Power. 


xt 


Add | 1 5 
T. +5 65. 


_— 


» 15.20.15, 


1 " Uncizof the GPa: 


PM rt Bs 
— 


* 


"Ill NN 2 Ni . Ab": 3 


in this Manner, ad infnitum. . 
. if theſe Numbers are ſire dy the aforeſaid es 
"all the Terms will be 1 ith ry N 300 
— FF . 
But that the Buſineſs of finding theſe Uncia, may be rendered 
N * 22 = wh for Practice, i 0 will be convenient to conſider wat 
ries rogreſhon, 'T r 
the aforeſaid. en n of "ook erm do wag 2 
r , 
Esse 1 1 
e 
885 8 i Dr ha 
| 2 N a "Vis eee Gee, 
. e * Unciz of the Square. 
: SOL [Git], © Wrcimor the Cubes, .. 4 
A |.  Unciz of che ah Power. 5 
1 . *. 2 7 Vneiæ of the gth Power. 97 | 
| 2115] 6 |t i wh Vaciz of the 6th Power. | 
Tas Yagi aa big | » Yacis of the 70 Powety #6, 


Sum ie ev 


= .greſhon, whoſe 


} 
4 1 2 
7 Xs | 1 _ #5 + o& 
N ACA *- vos . ＋ 1 5 
N +: Sz b 
E > . 2 . , 4 
- 
1 


4 "ay my Power 1 in the * Terws: 


Sum is every where the Unciæ of the next 119 
. * be found by 908 5. 


GT 


I ©. The Uncle bf this bag Fenn ure only «Series of Units, wh 
where the Uncig of the rend 


The Uncie- 
of the n are a Series of Numbers in arithmetical P 


1 


GR 


. * 5 . 
Fr 4 


a 4 ? ” - 
7 7 3 * 5 * 0 5 : b Y 
N . * . 
« EF — My - 
ts Pc.” ; * : : * 
o 4 - 2 
"nl 
2 . 


if vill be T ==2 1=the Uni bf the third Ten. 4 
+, The reſt of the Uncie are 2, compounded Series; whoſe re- 


% Sogn Terms. 


ſucceeding Term forward...” 
| veral Powers of the firſt or | ma a _ (as.0} the * TY 5 


ſeveral Powers, viz. a- Ca amen 
8 Win their proper Unciæ. 


1 4 ＋ enn will be we io beſt 


Nl 

F - 
| 1 e ** 
* v4 N 


* hands v5 r . 9 
den 1, Chap. 6. Part 1, er * 


N . 5, aa , Fe 
9 9 * "hed t fa Y ! we” * Tal 4 \ 
* take 


ſpective Sums may be * fran the Vnciz of their - 1 4 


b 1 + £: & 4.64 "FF - 
21X% 3 "x | ®. it 353 
Thins, Then . 8 8 
= 21. And e pra *. Sc. og 8 de. * 7 1 i * 5 | 
From hence 1 . be deduced this general Rate, £3 Ws > 4 
2 bs ©. | N | CALLE 1 N-.. 
. * N 3 R U L E. . 5 le „ | : „ 


"If the Index of the firſt Lotter of any hn be multiplied; on 
its own Uncie, and that Product be divided by the Number 'of .. 
Terms to that Place; the r wille ibs Unciee * the 8. 7 bes 


That is, by the Help of thoſe Indices that bang to the 15 
Y rr 8 vt 

ont, MOAT 8 Sy. 
Let it be required: to compleat all the e the OWE 4 


Unciæ of every Term may be 


* | 


1. The Index of a7 the firſt Term wil be the Uneis of be 
6554 Term. Thus b. 8 SS 
2. Then balf che Cong Tas be bet I e ate, | 


13224 will be the third Term's Unciæ. has 477 7 


+219564'will be the three fitit Terms. lh Sp. 
3. an e 35 in che we eee e, 
Terms. bo WT” - W - 7 
4. e will be the Uncle of the Gift Tei, „ 
8 talks sg. will bothe Gro fu CEE 4 
Gap —4 b Peg till all thi Tes are-complayeed With "I 5 


- reſpeAtive Uncieywhich will Rand, thus 67 + 748 $4 a1 „% 
eee eee, „ 


FT; 
= 


* . 4 
* 5 
** 


þ > \ K v1 
= 1 
=y 5 * 


7 increaſe until the Indicgs 


| 1755 hat hath been ſaid, and the 


1 . 


* 
. 
2 


£ wy dts which the Doctor ſ ts down in W 


C 5 . » MS 2 
F r oF % 
l BYE LN F ne 5 . 7 * * Ay 
* . 7 7 
E 3 
8 5a "L 
ky 1 41 Fw 2 


y "MD pars. deen cb that the Uncizdo oy 
of the two Letters become equal, or 
"change Places; and then the reſt of the Unciæ will return or 
dlecreaſe in the ſame Order. That is, Wherever the Indices of 
* Letters are alike, there the Unciæ will be alike. 4 - 

And thetefore one needs to find the Unciz (as before) but to 
the Number of Terms in ee 
ork of the Example be well 
underſtood, 1 preſume it Will be found very eaſy. to raiſe any... 
% Power froma Binomial or Reſidual Root, to what Height you 
ö ſe';, withgut the Trouble of a continued Iuyolution; and 
without the Help of ſueh a Table of Powers as is propoſed by 
Mr. Ougbireu in his 2 to the K Page 40, and 
fince by. others. 
Now from - theſe Gonfiderations it was that 7 800 * 
| Method of raiſing Powers in my Compendium of Algebra, Page 
| $73 Wwwholly New (big. ſo much of it as was there uſeful) hay- * 
iber profeſs) neithet ſeen me Way of doing it, nor ſo 
much as heard of its being done. But ſince the writing that 
Tract, 1 find in De. Wallis Hiſtory of Algebra, Page 31 
and 331, that the learned Sir Iſaar Newton had e e 


N be che Exponent of the Power 


Ee == — 232.22 
wil 3 . Wb bet u 
% u how they firſt came to be found out, nor mo Fees mer 
1 — e it in are Author. 


SEES 2-5 as. 


8.8. 6. | Evgzorios of whole Qy avrrviaes.* * 


n is ute xtiaQing'of Roots „ | 
That is, it is the Converſe Work to that of Involution, 

| a in ſingle Quantities it is eaſy, if the given Power have 
* ſuch a Root is required, Which may be thus known, 
I zhe given Power haue ho Numbers prefixed to ity and its 
Inde can be divided by the Index of the Root requited, the Quo- 
8  rient will be the ladex of the Root ſought. Thus, if the Gude" 
©, Root of 42@ec, Viz. a* were uired (the Index of me 


Cube is 3) then 3) 6 (2. That is, s a the Root equi, © 
XN And ek n 5 ſet down N 9" 
I” Thus 
* "MY * R 


DIY TAR 


FI * _ 1 of Quantiries. | 


a * 9 as 36 of Te No ' N 39 8 
a3 $3 F Wo "Kt ALIAS: ** n n 
bs — ꝓniñ— Ga N 
- 2 þ* 42 , 1 14.9. ; 37 37 A Ai IE. 73 


| | — ͤ ́w“. n 
? Worth he pigures Pliced | in the Mi after cine 10 | 


of Evolution, denote the Index of the Root to be'extracted. 
If the given Powers have Co-efficients: viz. Numbers pre- 
fixed to them;) then vo muſt extract their HOY Roots, 


ho in Vulgar Arithmetick. 5 N 
8 t IT 
m [31 81 Sp a * 9515 as 5⁴ pau and) 75 2 2 
PAY 7 RO 
3 4 8 144 a 72 22 . 
ö . 
N 1246 c . | 


But if the Noot Keel Sanden be truly IL out 22 8 
cients and Indices of the given Power; then it is % 
E and muſt have the Sign of the! eh — to it. 
EO CA ECL ELL. 
1 uw? 21 * 23 5 74“ 4916 bbbadd Sith et 48. þ ** i Th 
f 1 wp? 31 enen 65d 195 en 
Epolution of Command Quantities or 8 104 nds, 
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ire a great many Words to explain the Manner and Reaſon 
= the ſeveral Canons, that are'comimonty uſed in — 
tracting the Roots of compound Quantities; ially if the 
Powers be very high, fl Lſhall therefore for 2 ty's Sake 
omit them, and inſtead thereof propoſe an eaſy Methoa of diſ- 
covering the Roots of all compound Powers in general. And 
in order to that, it will be neceſſary to premiſe ; that if either 
the Sum or Difference of ſeveral Quantities be involved to any* 
Power, there will ariſe ſo many ſingle Powers of che ſame 1 
| Height, as there are different Quantities - 
As ſor Inſtance, if ag be ſquared, thatis,. be ela 
to the ſecond Power, it will be a a L ee 
here vou have aa, bb, and dd. Again, if a- were cobed;- 
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/  ,”  _ theRootrequired; or if che differ in their Signs, the Root 
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* +2," or rather G -d, becauſe in the given Power 
bete is — 2cd, and — hd, therefore conclude it is 4; 
tens er- d, being ſquared, produces Late 
an which 1 find to be the ſame in all its Terms with the 
13 iven Power, although they ſtand „ Wr on- 
; uently Head is the true Root required. * 
Example. 2. It is required to extract the Square Root of a+ . 

”  —2abb+b4, Here are but two ſingle Powers, viz. 44 and ad | 
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Queſtion from whence the given Power was producec. 
© -\Example z. Let it he required to extract the Square Root of 
; 36 48821080981: Here the two'ſingle Powers are 46-aa0a, 
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M- therefore I ſuppoſe the Root to be 6 agg, the which be- 
ig involved doth produce n <oifequently , 
4 is the true Rootwequired: 
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which being involved to the third Power, does 
ſame with the given Power z Wen ooh; nabe 
Cube Rogt require. 
But if the new Power, raiſed ho the ſuppoſed Root (being 3 
involved to its due Height) ſhould nat prove the ſame with the 
given Power, viz. if it hath either more or fewer Ter by in it, 
85 then you may conclude the given Power to be a Surd, Which 
muſt have its proper Sign prefixed to it, and cannot be otherwiſe 
expreſſed, untilit come to be involvedin Number. 
Example 5, Suppoſe it were xequired to extract the Cube Root 
of 274 5 + 85535. Here are two diftin& and per- 
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but this being a perſe& Cube, one — therefore conclude the 
given Power is vot ſo, vis. it ig 4 and met ran th 
Root as was required, but muſt be expreſſed, oc 0 The e 
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In ſuch ſingle Fradzony as theſe, the common Diviſors (if | 
_ 2 any) are eaſily diſcovered by Inſpection only ; but in 
ractions it often proves very troubleſome, and muſt 
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- But when neither the Numerator, nor the Denominator have 
juſt ſuch a Root as is required, prefix the radical Sign of the 
Root to the Fraction; and then it becomes a Surd; as in the 
laſt Step, whICh 2 me to the ee of managing e 
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HE whole Doctrine of Surds (as they call it) were it fully - 
handled, would require a very large Explanation (torender | 
it but tolerably intelligible); , even enough to fill a Treatiſe it- 1 
ſelf, if all the various Explanations, that may be of Uſe ta make —_ 
it eaſy ſhould be inſerted ; without which it is very intricate and 1 
troubleſome for a Learner to underſtand. But now theſe tedious 
Reductions of Surds, which were heretofore thought uſefül * WE, #4. 1 | 
Equations for fuch à Solution, as "was then underſtood, | BH 
wholly laid aſide as uſeleſs: Since the new Methods of refolvin 8. 
all Sorts of Equations render their Solutions equally eaſy, altho 
their Powers are never ſo high. Nay, even ſince the true Uſe of 
Decimal Arithmetick hath been well underſtood, the Buſineſs 
of Surd Numbers has been managed that Way; as appears by 
ſeveral Inſtances of that Kind in Dr. Wallis's Hi frerys/ Algebra, 
from Page 23, to 29. 
I ſhall therefore, Tor Brevity we pale overibole tedious Re- 
ductions, and only ſhew the young A/gebraift how to deal with 
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2 
16 EXAMPLES, 
25 ddea -e 
* ſs 3 4 24 „ 
* 108. i 2 7dddaa--27dddbb \ dddaaah 
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tically reſolved; it is very requiſite that the true Deſign 
or Meaning thereof, be fully and clearly comprehended (in all 
its Parts) that ſo it may be truly abſtracted from ſuch ambiguous 
Words as Queſtions of this Kind are often diſguiſed with, 
otherwiſe it will be very difficult, if not impoſſibſe, to ſtate. 
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Now the | Keowledge of this difficult Part of the Work is 
1 ont tc be obtained by Practice, and u careftt milking the 
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Let the three Numbers be repreſented by three Letter, chi, 


255 To 
Curly woes +, jw 
” 
" 
9 
* fi _— — 
mY 
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ture requires; the next thing muſt be to confider whetherit be li- 


i "LOR pete | Queſtion wite p poſed thus; 2 + three fuch 
_ 1 that if the firſt > added, to the ſecond, their Sum 
3 will be 22. And'if the 9 be added ta the third, their Sum 8 


be - call-the- 27704 the e and nn ö * 
, | Then | 4 =} according to the Queſtion. bee 


1 8 and the Number of the given Equations are but two.  Fhere- 
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to the third, theit Sum will be 48; and if the firſt be added to 
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conſequently._to a Solution, _ viz. fitted for an Aufwer. 
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gebraic Operationt) is grounded and depends upon a right Ap- 
if thoſe Axioms be well underſtood, the Reaſon of ſuch Opera- 
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the third; their. Sum will he 36, || What ate the Numbers? 
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VM. B. If the Number af the given Equations exceeds” the 
Number of the Quantities ſought ; daß not only limit M 
Queſtion, but oftentimes render it impo ble, by being pro- 7 
poſed inconſiſtent one to another. 85 
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found it limited to one Anſwer (or at leaſt ſo bounded as to have 
a certain determinate Number of Anſwers) then let all thoſefub- - 
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adding, ſubſtracting, multiplying, or dividing them, Sc. ac- 


known Quantities except one, are caſt off or vaniſned; bur 
therein great Care muſt to be taken tokeep thentto an exact qua- = 
lity; and when that unknown' Quantity, or ſome Power of it 

(as Square, Cube, tc. ) is found equal to thoſe that are kpowh; * - 

then the Queſtion is ſaid to be brought to an Equatipy, t 


But no particular Rules can be preſcribed for the caſting off, 
or getting away Quantities out of an Equation ;, that Part of the & - > 
Art is only to be obtained by Care and Practice. And when that _—_ 
is done, it generally happens ſo, that the unknown Quantity 


with thoſe that are known; that it often requires ſome Trouble 
and Skill to bring it (or its Powers, c.) to one Side of the E- 1 
quation, and thoſe that are known to the other ſidez (ſtill 
keeping them to a juſt Equality) which the ingenious Mr. Secoten. » 
in bis Principia Matheſeos Univerſalis, calls Reduction f 
Fiyations;/ TT nn 1. 4 
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57 5 of theſe Redudiond N applied) the bkpown, 
Quantity (a) or its Powers, are cleared and brbught to du Side 
of an Equation ; and if the unknown Quantity (a) chance te be” 
equal to thoſe that are known, the Queſtion is anſwered: as in 
the firſt Example of Sef. 1, and 2. Ot if any ſingle Power of 
the unknown Quantity (4) is found equal to thoſe that are 
known, then the reſpective Root of the known Quantities ie 
the Anſwer; as in the firſt four Examples of Sec. 6, &c. | 

But when the Powers of the unknown Quantities are either 
mixed with their Root, as aa-+ba=dd, 8&c:;" or do;contiſt of” | 
different Powers, as 4 add, c. Then they are "ealled - 
Affected, or Adfected Equations, which require other Methods 
to reſolve them; viz. to * * oy "Value of (o) as ſhall ** 
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Extreams, is double &—o the Mean, And ſo it will he in any 
other three of the Terme, Secondly, if there are four Terms ; 
then the Sum of the two Extreams, will be equal to the 54644 
tze two Means; as in theſe, a: + #: A. ae; ge, in tho. 
Series increaſing ; : here, a-þa-3e=a-4-e4-0-|-20. 
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defined in Sect. 2. Chap. 6. Part I. And what is there 
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geometrical Proportion continued. - Therefore in every Series 
of Quantities in all the Terms except the laſt are Antecedentsz 
and all the Terms except the firſt are Conſequents. But uni- 7 
verſally putting a the firſt Term in the Series, and e the Ratio, 
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TR Things being premiſed, ſuch 2 ma * deduced 
from them, as will ſolve all ſuch Dueſtions as are uſually res, 
about Quantitiet in Geometrical Propartion, in Order fo Os. 


a= the firſt Term. 

e= the common Ratio, Fas before, NO 
= the laſt Term. | Bo Kt abs 
the Sum of all the Terms. The | 
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Extreams, is Equal to the Waun comprehended under the 
two Means. (x6; Euclid 6.) . 
For Inſtance, Suppoſe, 8: 50 .d. to repreſenit the four _ 4 
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H E Propoitionl ated of in the laſt Bection, are to, 
be underſtood when Lines are compared to Lines, ads 
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is compated to that of its whe Nw Which is N, called Sim- 
FE a 5 


& 4 
- 2 A 
ll Gl th. .. AA 
LET 2 ol - 


- 1 «|. 5 * P - 33 % 4 

* 4 = Ae 9c * 5 * - 

, RE " : 
. "IR 

* " 


* 


former, by the Names of Duplicate and Triplicate, (c.) Pro- 


portions; ſo that Simple, Duplicate, and Triplicate, Wc. Propor- 


tions are to be underſtood in a different Senſe from Single, Dou» 


ble, Treble, &c. Proportions, which are only as 14 4 3% ee 


_ 1 ; but thoſe of Simple, Duplicate, Triplicate, We. — * 
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1. 4. 2 4 4 43, &e. (as in the firſt Series, Sec. 2. of 


_ the laſt Chapter). Then that of the firſt to the third, fourth, 
and fifth, c. (viz. 1 to an. cen ; #4. a5) is Duplicate, Tri- 
plicate, Quadruplicate, Cc, of the firſt to the ſecond (vizvof 1 
to a) and by Inverſion, that of the third, fourth, fifth, is Du- 


plicate, Triplicate, Ec. of that of the ſecond ti the firſt (a to 1.) 


per Def. 10, Eucl. 5. But the Name of theſe Proportions will 


_ appear more evident, and be eaſier underſtood when they are 
applied to Practice, and illuſtrated by: Geometrical Wes | 
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"ROM the firſt SeQion of this Chapter, it will be eaſy to 


conceive how to turn or diſſolve Equations into Analogies 

oc Proportions... For if the Rectangle o two (or more) Qpanti- 

ties, be equal to the Rectangle of two (or more Quantities ; 
then are thoſe four (or more) Quantities Proportional. By the 
: * bg 6. That is, if 45 cd, then is @:c:: dt bg or 


@::b: d, &c. From whence there ariſes this general Rule 
for turning "A into 2 ; 
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= Side again; and make thoſe two Parts the two Extreams. 
divide the other Side of the Equation I it can be done) in 


""D the Jame Manner as the fir wat, and let t oſe tavo Parts or Fac- 


7 be the Fo Means. o 


"For Inflapcs; Suppoſe ab Ad bd. Then a: 11 148% 544. 
or b: at; bd: 
Equation, and it will be ab d—ad ; 
"b:d::b—a: a, &c. | 

Again, ſuppoſe aa-+2ae=2by-+yy. Here « _ a. Nac are the 
two Factors of the firſt «pat in this Equation ; ; for a+20Xa= 
aa-24e. " AF 


then 4a: d: ; b—: :b, or, 


Again, -y and 2b-y are the two Faciors of he athes Side; f 


- therefore, a:y::2b+y ta4-2e, or 2b+y: a+2e:: 4: 5, &c. 
When one Side of any Equation can be divided into two Fac- 
tors, as before; and the other Side cannot be ſo divided, then 


make the Squate Root of that Side either the two Extreams, or 
For Inſtance, Suppoſe ppoſe be+bd=da+g, then then 


W Vat gi: Vaa + g ed, or Vda+e: S: ae 4 


the two Means. 


Ec. 


. _Y 


— 


—_— 2 1 n 


OT Pawan wh 


NE SUBSTITUTION, and the Solution of. Qyapaaricr,. 
EqQuaT1ONsS. 4 
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POL h 
HEN . Quantities, not ech in we firſt Staticlg of. 

any Queſtion, are put inſtead of ſome that are engaged 
in it, at's is called Subſtitution. For Inſtance, If inſtead of 
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V be—dc you put 25 or any other Letter; ; that is, make z 


Vea Or ſuppoſe aa-{-ba—ca+da=dc,- inſtead of b—c+d 
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than b+4, it is aq—$4= de; ane uh 04 6h8 greater than 7, then Fe 
it is aa- Har Ac. 
And this Way ak kbar or putting of new 8 | 
inſtead of others, may be found very uſeful upon ſeveral Occa- 

ſions; viz, in order to make ſome following Operations in 4 
the Queſtion more eaſy, and perhaps much ſhorter than they * 4 
would be without it, as you may obſerve in ſome Qetiens 
hereafter-propoſed in this Tract. 

And when thoſe Operations, in which the FR Yes Quays / ; 
tities were aſſiſting or uſeful, - are performed according as te 
Nature of the Queſtion required, you. may then (if there be A 
Occaſion) bring the originalor firſt Quantities into the Equation, 
in the Place (or Places) of thoſe ſubſtituted Quantities, ch. 16 
called Neſtitution, as you may ſee further on. f + 


& 
TIED 


SeA. 2. The Solution of Quaprary ck Kap Ar ions. 
W HEN the Quantizy fought i is brought toan Equali 
of the = 


thoſe that are known, and is on one Side 

tion, in no more than two different Powers whole Indices are 
double one to another, thoſe Equations are called Quadratick 
Equations Adfected; and do fall 10888 the E of 
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111 oe 


=; Onm32= | J=32 


* * 


Note, in all Queſtions about continual Proportionals, (either 
Arithmetical or Geometrical) where three Terms are fought, the 
Mean is the eaſieſt found firſt (as above) and if all the Terms be 
Affirmative, then it is equal whether the firſt or laſt Term be 
the greateſt. 3 * e 
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2 n WIC 1Þ 24 WT 
755 ä Queſtion 
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5 1 "TN > ** LY hag 1 S Us ® 1 8 * * 
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4 * 7 
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Nusſtion 19. There are three Nen in = their Sumis 763 
and it the Sum of the Extreams be maln Bed into the Mean, that 
Product will be 1248; ke "oo are thoſe Neuber 


. 


| a 


| 1a: :: ety et 
Viz. JI 21a-þe+y=5= 76 by the Queſtion. ee 
31ae+ye+p=1248) l 
1 4% ee 1 
: Ixe 5|ae-j-ee-|-ye==5e 

5—31 G- 

b—s5e] 7ſe— . — 0 4 
7 CA Se- EH unf? 

Suu“ 9 tl, =V 4.9 


(wh . | 2 per Theorem 3. ; 
ee V? 5 oe 363 Chap: 8. : 

2 11 a-|-y=52 | 5 

4X 4 ta) 2308 

11 G. 3 a = 2704" 
13—12|14|4a— 2 = 400 : 


1400 155 = V400=20 E * 
11180162 s o =72 | 
16— 2 117 


a=36 Or a=16 _ \. . 
e ee 2 | th 


N. E. If you take = =52 (at the oth Step) 
then it will be 7g =24=a+y, which is impoſſible, viz. 
that the Mean ſhould be greater than the Sum of the two 


Extreams. 'Therefore it muſt be aA nr ID 
page 201. 


Dyeſtion 20. There are SG Numbers in Arichmerical Pro- 
greſſion, the firſt being added to twice the ſecond, and three 
times the third; their Sum will be 62; and the Sum of all. their 
Squares I s 275 3 What are thoſe Numbers? oe Joris 


Suppoſe] 1]a, e, y in Arithmetical progreſſion | 
| a--2e-3y= 62), . ie 
And | Lz; 5 29 the Queſtion, 18 
Then) 4177525, per Sed. Chap. 6. 5 
= 5 2e-|- 2y==b2—=2e | 
——2] 6[:-y=31—e e 5 


1 


9 


J 
o 
4s q 4 
on * [1 
IE" W_ - 
Ts _— 4 * 9 
F 4 * * 1 
4 4 6 


* 


_— 3 


+ | 11 aa EN = - 7 ο 
5 iz — 20 1647 

12 Tao; 1623721647 
_ 2337214 2106==372e=—16475 Þ 
_ 2 | At I — 211 ten 1 2 — , 
= | + 5 124 egy e Kat gs [4.4 


190% 36, or © 345 ö 
B and 19,20 36—3 15, or e 

af Is X 2 [21|2e=18, or 173 

7 A 22 318215, or — | 


| g 21. There are three Numbers in Arithmetical "BE 

jon; the Square of the firſt Term being added to the Pro- 

& of the other two is 576; the Square of the Mean being 

added to the Product of the two Extreams, makes 612; and 

the Square of the laſt Term being added to the Product of the 
* the ſeconds is 792: What are thoſe Numbers? 


=_ '» Suppoſe] 1a, e, y in Arith. Progreſ. as before, 
—_ 2]aa-|-ye==576 ; 
Ih hen 4 3{ce+yja=612 by the Queſtion. 2585 
; 4+ ae =792) -.: 
; E,, per Sect. 1. Chap. 6. . 
| 5X#| Blarye=zee - A dS. 
| „ 7]aa-4ye + yy--ae=1368 Df 25 
=_ 76 Blaa-l-yy=1 36820 A 16314. 
_ Z==*} 91yja=b12—ee GET 53 
1 9 x2[10|2ja=1224—2e Y 
= $-10|11|aa-+2y6-4y5=25g2—40e ] ĩ?;˙ 
_ 75 2855 12 aa|-2ya-|-yy=4ce 1 | : 
—_  1and12[13}4c=2592—4 | 2 
13+42[14]Bee=25g2 | 5 
' 14 —8 8324 
1s m1 324=18, the Mean 
_ 8,11 7|aa+yy=1368—2ee =720 
—_ . 10,118] 2ja=1224—20=576 _ 
= 18,1 eee 144 f 


. n FRE 
* 1 0 — 
— 8 z* 2 Pm ee, 
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% & EET <a * N ES me LY 5 * 3 Wn” 3 "Ty a, * 5 5 
= 11 2 \ _— * Wk ) 4 1 * N = me, 1 wks a 2 TY * 
S "2 ky 1 * * 
* * A 31 * * & N by 
Ka p - 1 - 3. » * 7 


Queſtion + 22. It is required to find two ſuch Numbers; that 
the Sum of their Squares may be 82261; and their Product 
being added to the Square of the leſſer; may: be ert FR 


1]aa+ee=82265 32 1 0 Þ EN 
Viz. Th Zan, h | 
12 3[aa—ac=1305 Res HP 
34 Hlar=aa—1305 KEE Of 
— 2a — 1303535 „ 8 WY 5 Fa | | 
4 a 5 e LED I 5 3 1 : 
| — 1 g | —_ 
5@.* 6 ED 703025 | ; | 
I—ag > has — 


8 eee — 25 


=$8226,5—aa 1 1 
: 8Xaal 9 ee eee 28226, 5aa—a* | | = 
94+a*]10{[2a*-—2610a8-1703025=8226, 5a 1 | = 
104 ]I1 242— 10836, 54 —1 703025 N F 1 
2142 by a*—5,418,256aa=—851512,5. |-- e 
12 C013“ — 5418, 2847339358, 2686286487843, 65 $5 
: 13050 [14 7% 47845, 765625 —254% 125 
2 15 = ˙ 2709, 1252547, 125 
Suppoſe 1 = 2 oοꝙ, 125-|2547,125=5256,25 - 2 1 
Then|17}a=y 5256,25=72,5, | '* 2, 
1 "0 3 818848 Al 4 
8 7255 « as 45 * 
Or let,[19| (20=2.709,125—=2547,125=162 | 1 
low?*j2oja=Yy 162=12,72 &c. "inlet A —— 
162—1 395 1 4 ; 


Thenſzil⸗ — „ which is lapottible-- er, = 


* 


— 
% 1 * 


Thereſore 4 4-4 $65 
And} [e=54,5 _ the 17th and 18th Steps N 1 3 


This Queſtion ma be performed with leſs Trouble, by 5 
_fituting Letters for the known Numbers. 


Vix. ee wen le, nl 4 —a⸗ £ K-. 
a -er p EE ne 


9 VE: * 6 ” N 3 * 4 5 3 KL . N * . 1 * &'s 1 * as * A - * * - * AY | { 1 ** * ** 
: TO * 8 15 8 1 of 

F , 8 | ; n. 0 

i 4 1 2 < Par t 8 E. 9. 


. Oeefie 42 Wo is required to find PEO ſuch Numbers, that 
"the Sum of the firſtand ſecond being multiplied with the third, 
may be 37824; and the Sum of the ſecond and third, multi- 
plied with the'firſt, may be 59944; allo, that the Sum of the 
firſt and third, TON multiplied with the ſecond, ay be * $2456. 


4 * 


Ler⸗ a bs 7 repreſent the three Numbers. 


Herbo=373824 5) 
2[ea-ya=59944=c Quare a. a, 6 5. 
3a 245244] 
a 
E 


Ws 2a r 


[= — 2c "header pk 


WEL 4aa 
2&20—Acaa=E%==2dg—2b2--45d 
88 —=2042— 024 on i | 
8 — — 


ar 55696==236 
5 26 


_— . 
2 e 3% 
| __ a 


1 24. It 1 cd two ſuch 8 that their 

Sum being ſubſtracted from the dum of their Squares, may leave 

14; and if their Product be added to their Sum, it may make 14. 
Let à and e be put for the Numbers, and let A 


. Then Ul Ed Jun the he. N 


200. 1214 


1 


Of er See, 


aabee=14-+y _ 
ae=I4—y 


abe=Van == | * 
2e, by Sabfttutionabore. | 

;= Vang 1 

28 42—9 MY. | ; A; SAC 7 #2. 
1079111] 19+9=42 „ 

ws Di H4=42+4=42,25 | 1 
Bk eee i oe Ne ado 
132114 522 121 


13 

4 

5 | 
N ee 
7 

8 

9 

10 

I 


Copſequent] x 5 ſs 2 by Reſtitution from n A os 


3 and 14}; 61.2-{-ee=14-6=20 1 ol 
5 and 1517 2a6=28=12=16 © 45 een, 


1617]; gfag—2ar4ee=a 1 1 * 


18 19}a—=e=V4=2 


 15+19]20 16 


20 — 2 21] 224 
==2 1|2 2]e= 6—4=2 


| erg wy = 2 
Then aa-e=g—= 14 
4 And az4a-þe= 14 


: Queſtion 26.” Three Men diſcourſing of 1 their Money; faith 

the firſt, if 1007. were added to my 7070 it would be as 
much as both your Money put robots ſaith the ſecond Man, 
if 100. were added to my Money, I ſhould have twice as much 


as both you have; ſaith the third Man, if 1001, were added to 


my n I ſhould have then three times as much Money as 
both you have: How much Money had each Man? 

Let a repreſent the firſt Man's 1 e the ſecond, and i 
the third. 


- ; 4 1 
1a 100 Tug BD 
Then $| 2. Rap fl by the Get 2 Ae 
3] y4+-100==3a-3e 
Iat af e |-y = @a=100=8 
2 e 5[2a-+ 2 2100 Quere a 1 4. 
3 -I 63 ＋ 3e Ii 7 * 
4 ande] ze =- 
71 ee, | 1 
5—8 ZAC Ko NS $4.5 
% ů ooo 29 En 


24+ 4e=25==200 


2ae=28—2y | . 9 — SE 


coding to . 


ANN. 


erg 
12—11]"- | 8 

13 22 i l „V. 

10—6 275 — =42P=a5 Aol. Id 
=> os © peat y=2a-be="2P D 


3 —.— The ded Man had 4 457. 9. i od. 


| Queſtion26. Three Men have each ſuch a Sum of Mobeys 
that if the firſt and ſecond Mens Money be added to Half of what 
the third Man hath ; that Sum will be 92/. And if the ſecond 
and third Mens Money be added to one third Part of the firſt 


Part of the ſecond Man's Money be added to the firſt and third 
Mens Money, that Sum will alſo be gal. How much was 


each Man's Money ? | 
+ Pat. a for the 1/7 Man” Money, e for the 2d, andy for 20 
1 e 
Then |? 27 by the Queſtion; ee 
3 I and 21 4 4 n | "ab 
s | 4241 | 7775 0 
_ 5 x2 x 3] SET 
_ 6Þ} 7j4a=pp 
—_ 3 * 3 8-3 ＋ 323. 
=_ 8—7] 9/33 — 4. 
_ - _ [iolze=3—5a | 


10 3 [i = = * 0 


= Keiser 
=  12—2j13133@+3j=3i=276 


3 and 7]14[33a+44=35=276 
14x 3 |15]110+12a=95=828 | 


15==23 10 — 36. the \/ Man's Money, 


11,187 25 9 the 2d Man's Money. 


EF 9 180955 . the 4 Wars Moray” 


64). % 8294. 


Man's Money, that Sum will be 92/. Laſtly, if one fourth 
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n — WT PCT deat oo = r . r 
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S ee ah a » * , * "x * F r r nn ay 0 ET % .—_ "TY 
* . * 22. . 4 ” F — . * 5 * - | J 2 bs \ o * 4 A n 


Of Numerical 


Ouftion a5. Four Men walking Pad, found a Purſe of 


AY th PC. EL © 
$5 r E * 4 * 
4 4 *s * - 2 18 'I : of 
| Ons. 221 
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Shillings only, out of which every dne Mk a Number at an Ad- 


venture; afterwards by comparing theit Numbers together they 
found, that if the firſt took 25 Shillings from the ſecond, it would 
make his Number equal with what the ſecond had then left; if 
the ſecond took 30 Shillings from the third, his Money would then 
be triple to what the third had leſt, and if the third took 40 


Shillings from the fourth, his Money would then be double to 


what the fourth had left; coy the fourth taking 50 Shillings 
from the firſt, he would then have three times as much as the 


firſt had left, and 5 Shillings more; It is required to tell how | 


many Shillings each Man had. | 
Put for the firſt Sum, e the ſecond, y the third, and « the 


fourth. _ 
2 ieþ25= e 25 
2e +30=39y= 90 W 
Then 3 7 4 2 — 80 f by the Queltion, 
48 4j4+$0=3a—145 
1-25|.5 I 
2—30 6 dee ee e 
| 3y——120=e 
5 and 6] 7 aS Y- 
7-+120| 8Ja-þ170=3y N 
n a ＋ 170 | 8 
S = ry 
3 * 


3—40 106 = 2— 120 


nee 
9 and 101162120 4 be. 


| 3 | 
— | a I 
. 1+ 120112 . = +120 = 532 


a 3 | 
I2— 2 t3la= © 7+. 530 | 
4—50114|4=3@a--195 „ 
13 and 14015 3 = £552 | - 
16+117|17a=1700 ©. 8 
| . 17 18,2200 the 1 2 5 . 
by the ß 19% s 24 * 
by the ga 9 3d Man's Number of Shilling. 
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7 . 8 TH, > 4 mee 
+ - Moe” Pati? Chg. 
Queſtion 28. Four Men had each a Sum of Money, which, 
being put all together makes 250 Pounds; and if to the firſt 
Man's Money be added 8 Pounds, 1t will be juſt as much as the 


Sf Fl 

5 N 
. 4 2 * 
on 18 
(VETO 


— 1 * 


. 
* 


ſecond Man's Money decreaſed by 8 Pounds, and as much as 8 


times the third Man's Money, ard but as much as one eighth 
Part'of the fourth Man's Money; how much had each Man? 


Let a, e, 5, u, repreſent the four Mens Money. 


1e b , 5 1 5 
15 I the Qneſtion. Let 5s 250 and 
270 4la+2b=e l : f 


| 3b] 5 3 becauſe yb=a-{-b . TH 


— 


6 
55 x } 6 Aba Lö, for — =a-|b | 


#5 53-6 7 e A= a- + + ba + bb 
12 8e fue 34 | 3 


9xb|10|ba-+2bb4-a-+b-4bba+bbb=br—ba 
+, 10|11;2ba-j-bbaJ-a=bs—bbb—zbb—b 
—bbonmnbbmb 


WIE. 


by the 4.13 exzaſ-2b=32,691358 Kc. | 

: 245 | 

by the SA = =3,086419 &c. | a 

by the 6,115 u=babb=197,530864 &c. ; 
Dc, | | ; ; 


. a= 16 13 9.92592 
5 2 4 32 . 13 9,92592 
7 | | Thatis, = 3. 1 .. 8,74056 
x | 5 > u=197 . 10 . 7,40739 
. Conſequently e- Hy T2240 19 1199976 
which ſhould be juſt 250/. the Sum . the Queſtion. 
Now what it wants of that Sum proceeds from the ImperfeQion 
of the Decimal Parts being not continued on to more Places, 


which would have brought it neater the Truth, tho? not per- 
haps exaQty ſo. Sec. 5. Chap. 5. Part IJ. | 
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22 Hes, Several Merchants enter into Partnerſhip, every 'Y 
one put into the Stock 65 times as many Pounds as they were = 
Partners; with that Stock they traded and gained as many 4 
Pounds per 100l. as they were Partners. Now if 10. 10s. be 
added to, and ſubſtra&ed from, their Gain, the Product ob that 
Sum and Difference will be 64977. 6s. 3d. _ 3 


* * 


Quære, How many Merchants there were, Ec. 


| Let 1] a= the Numbet of Merchants. 8 
1K 55 20652 every one's Sum put into Stock. „„ 
2 3 b aa the whole 3 bo 4 
Anal 41003; : 6508 5 =, by the ua. GS; Gi 
1]. i165 aaa 2 | | 
d 1 15 f 
| 100 2 | : 
5+10,5 „ Ee 1, | ; 
A gaaa | 8 N : 
$—10,5| e 7:2 8 | 
4225 adaaaa n 
* 8 1 . by 05 
$x10000Þ 914225a%==1 102500=64913125 N my 
 9+|10}ja225a5=66105625 | 385 Wien 
— 66 TINY" 
10-2125011 = —_ . S 855 
115 [12 Es op Merchants. | 
12x65|13 6842325 the Number of Pounds each put in. 


veſtion 30. Three Merchants join Stock together; che 
firſt 's Stock was leſs than the ſecond Man's by 13/, the 
ſecond and third Man's Stock was 175. in trading they gain 
481. more than their whole Stock was; the firſt Man's propor- 
tional Part of the Gain was 78. What was each Man' $ 1 
and Part of the Gain? 


Loet a, e, 5. een each Mag's Stock. a 


r TY on en 
Then r N 3 


AndF f | rng bu we eke 


. 


2s 


| al gjabefy=r7y + o”” 
| rand 31 288 


N | Part I. Ch.c 8225 


6 and 2 . 9 
But 8{r75+2: 223: : 2: 78 per Queſtion. | 
8 „„ 9jaa+223a=78a4-13550 
g9—78al1io aa+145a=z 13050 | 
10 Chis aa-{-1454 +5256, 25=18906,25 
11w*\12|a+72,5=/ 18906, 25 137,5 
| I3 3 3 
14 e=a+135=78 
15 y=97 
16165 :78 :: 78: oo 12. 8 Gain. 
17165 : 78 :: 97: 116. 8. 8 Gain. 
13] 116/. 85.937. 125.+78/=288/,'the Gain. 
19]65+78+97=240, the whole Stock. 
9 the Gain more than * Stock. 


Queſtion 31. A Father at his Death left — three Sons his 
Money in this Manner; to the eldeſt fe gave half of it, wanting 
44 Pounds; to the ſecond he gave one third of it, and 14 Pounds 
more; to the youngeſt he gave the Remainder, which. was leſs 
than the Share of the ſecond 18 by 5 . What Was 


each Son's Share ? 
Let 45 5 7 be the three Shares, ty . the TIF Sam? 


2} 8 A pe 


or 888, the whole Sum that a lf left... 
0 — 1448280. the el 4 * 
11 , ee. the ſecond Son's Share. 
n n . 


13 


ueſtion 32. A Man playing at "OY or - Dice, won ite © 
firſt Throw juſt ſo much * as he had in * el the 


4 


1 8 - » 


l 


15 


* *, 
PRE. 


and five 


. all he then had; after which his whole Sum Was 1120. 16-. | 
What Money had he when be begyn to pay? e 


"li 


I X2 


Bot to avoid cheſe Surd tities, e r. 
poſing a =the firſt Sum, ma es ſecond Trial, et 


ee, +166) Leier ane fat ü Ml.. OH 


Vet again, to avoid theſe high Equation, les us ak a third 
R thus, | 


- 47 
+73] wap 
2100 wh 

— 


9, 510 n N 
5 and 10/71 tesa 5 Mn: 
11— 3 5|12]aaja=42 ay. nth 


I 3144-]-8j:0,25=42,85. 7: 1:36 mo 5484 = dete 


12,0 
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1 Throw: he won the Square Root of what he tden had. 3 


And 


Shillings more ; the third Throw he won the Square 


3] a= his t Sem, The, 8 eee 

202 his * after the ie Throw. ́!%ß 

3; SLV Winnings at e 24 Throw. n = 

4] 24+5+Y = the Sum 1 the 2 On, mo 2 

daa AA A Hi 26= the Winn at 5 
the 34 Throw : and therefore 


eke fk n. 


9 


Wen 


W. 


1 N . % "— 
1 TEY +» \ A wy. SY 4 As 20x 


1] 20625-the Get Bum d 1 Paar aA 

che den afterithedelt: Throw: .- ank 
3. 5== the sum won at the 24 Throw. 4 
4;4aa-þ22-4-5= his Sum after the 24 ThroFw. = 

5{16a*þ16a*%+44a8-+20a+25= the Wong «ka = 


z and therefore ...___ 5 


0 5 
n 2105 Le, 5511-5 to b APE mug o0T 
1 —= eee e of ves aun I | nol 179011 1510 
Ts p2 h 07 16ps 2i (4 16 i - 
att ieee | lech 91 ö \ _— 
314+5= theWinnings at the 24 Throõ Ww. | 
a9-+-4-5== the Sung after the 30 hors : 


8[ee+4- SS. 2 = 25 
e 
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FFF 


7 
, 1 


18 2 6 * f 1 vs : 92 A= *& - e . 1337 13 * : 
The . be had in * a ele 1 


T * 
8 
+} = c - 1 — 7 
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e Rigebs, Part II. Ch. 
Ne ge + 1.7311 Fart : 9. 


Ne, In reſolving of the Ht Queſtion, I have made three 


7 different Suppoſitions 'for the Fhing ſought,” purely as, an In- 
flance, to ſhew the young Learner how well he ought to con- 


ider the Nature of the Queſtion, when he firſt ſtates it, and 


make choice of repreſenting. the Thing ſought, ſo. as to avoid 


running it into Surds, if poſſible, viz. as in the firſt Suppoſiti- 
on of a = the firſt ' Sum, &e. Not but that ſuch Equations 
may be ſolved s ſhall be ſie wed in the next Chapter. Howe 
ver, it is molt like an Artiſt to perform” Things of this Nature 
the neareſt and eaſieſt Way they can be done. 
Dveſtion 33. Suppoſe there were two equal. Ciroles, whoſe Fe- 
ripberies (viZ Circumferences ) are divided into 44310 equal Parts; 
40 that thoſe, Circles were ſo placed upon one Axis, as io move the 


contrary Way to each other; and ſuppoſe one of © them to move but 
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the firſt Term t; the common Difference t, and the Sum 

of all the Terms =210, * to find the laſt Term, which 

in this Caſe is the ſame with the Number of all the Terms. 
Let ai the firſt Term, e=r the common Difference, and 
=210 the Sum all the Terms, to find y the laſt Term; as 

per Sect. 1. Chap. 6. Then ye = a a =ae by the 16 Step, 
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[ ſhall now grocted to give an Example or two of the Methods 


uſed if arguing about unlimited Queſtions ; wiz. ſuch Queſtions 
which admit-of -various Anſwers, ſuch, as thoſe i in W Al- 
ternate promiſed in Page 117. 


In order to ſhorten that Work, it will be convenient for the | 


Learner to know the two Signs of Compariſon, and , The 
Sign y is of GREATER //THAN ; a8 > d ſignifies that þ is 


greater than a. The Sign Lis of, LESSER. THAN 34S, 424 
ſignifies chat 5; is leſſer har d, MM. 
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This Queſtion being thus ſtated, it appears by Rule 1, Page 


ers; becauſe for any 
one oß theſe three Letters, a. e, y, there may be taken any Num- 
ber at Pleaſure, provided it be leſs than 35. But although that 
may be truly done, 3 are ſeveral Tos of arguing about 
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Queſtion in whole Numbers. 

Supfoſe a=10, then e=B4—40=44» per Ich Step; and 
I= 28 2, per 8th Step. Again, if a=21, then e284 
44=40, per 7th Step, and 5233 —28 25, per 8th Step; and 
ſo on for the reſt, which ora as in the Wo Table. 


by: Tx? | I 971 Dr 


This * tribe Wy to fodaw Pa colle& all the limited An- 
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three Quantities/propoſed- to be mixed: but when there are 
More than three, t Fen the Work requires a little more Trouble; 
becauſe the ſingle Limits of all the Quantities above two muſt 


be found; that is, if there are four Quantities concerned in 


the Queſtion, the Limits of two of them muſt be found; if 
five Quantities are concerned, then the Limits of three of them 


. muſt be found, tc. As th the 1 Queſtion. 
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„Sent 3 viz. one Sort worth 7s. 4d. the Gallon, N 


Sort worth 48. 1d. the Gallon, athird Sort worth 3s. 8d. the Gal. 
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Firſt, let all theſe 8 Rates, «ad the mean Rate, be re- 
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From the 7th and 10th Steps it appears, that the Quantity 
of that Sort of Wine denoted by a, muſt be leſs than 37 4 
Gallons, and greater than 21 Gallons: that is, it may be a= 
any Number of Gallons betwixt'2r and 37 +. Whence it fol- 
lows, that there may be collected 16 Anſwers to this 8 


* 


© 


Neat un fat hit I ef 579 and s. 


elt 12, then will 3.8110. any a=66 
Butj12 n per 7th Step. 

12 —2e[13] y=79——2e hence J or 3d ep | ke 
Againſ14ſe-|- {© rk tag : "per 3 | 
I4—efi5] yhu=41—e 

131316 eee henee #7 5 


d the 13th and 16th Steps it appears, that it 4 22, 
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From the 19th and 22d steps it appears, chat 11 45 13, then 
may be either 35 or 36, | 


8 | 2 more "wh: a further nian. 


Let 23 1824 then 5a=120, and — 
Butz 4|26-- y=189—5a=69, per 7th Step. 
24—2e|2 - y=69=—2e, hence . or 34% | 
Again 5 e- y+u=b3—a=39, | per 3d Step. „ 
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From hence it appears, that if 2224, Fo =o e may be either 
31, 32, 33, or 34, viz. it may be any Number betwixt 30 and 


34 by the 25th and 28th Steps; from whence the Value of y 
and u 2 be eaſily found. 
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Proceeding on in this © 7 with all the othet ſingle ns 
of a, there may be found above 120 Anſwers to this Queſtion in 
whole Numbers: and if you pleaſe to put a F rations, there 
may be found an innumerable Set of Anſwers; whereas the Rule 
of Allgation in V. ulgar Arithmetick affords but only one Anfwer 
in FraQtions, to wit, that of 4 2314, elo, y I;, 1 of; 
as may be eaſily tried per Rule Page 115, c. 
Theſe two Examples being well underſtood (eſpecially if the 
- laſt be thoroughly purſued may ſuffice to ſhew the Method of 
ng the Anſwers to all Sorts of Queſtions of this Kind. I 
ſhall therefore conclude this Chapter of Queſtions with giving a 
2 Solution to the Enigma (or Riddle) propoſed (but not anſwered) 
Mr. by FRY ts in the Cloſe 422 the e to his Arithmetie, 
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which affords ſeveral pretty Queſtions, the Solution whereof 
will diſcover a certain Sentence conſiſting of three Words, which 


placed) over the ee en Letters of the Alphabet. 


_— 6 7 . Oe, called Indices. 
Thus} | Raf a ; +: 15 Fit. to the laſt Letter. 


So that if the Index to that Letter be once found, the letter to 
which it belongs i is conſequently known, | | 


The Epigwa- ' 
1. If the Difference between th Indices of the ſecond Letter 


multiplied into the Difference of their Squares, the P 
will be 576; and if their Sum be multiplied into the Sum of 


their Squares, that Produ& will be 2 30s the Index of the ſaid 
third Letter wb the greateſt. 
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bers in Arithmetical Progreſſion, the leſſer Mean being the In- t 
dex of the firſt Letter of the third Word; and the I 
Mean is the Index of the fourth and laſt Letter of the firſt Word, 
Viz. Sed 9.11 are the four Terms in Arithmetical Progreſſi- 
on. Whence it appears, that G 1. whoſe Index is 7) is the firſt 
Letter of the third Word; and that i (whoſe Index is 9) is the 
fourth or laſt Letter of the veſt Word; which 8 placed 5 
down , will ace Roa” a 7 
> A * * 1 il | 
I 5 The ſecond Letter by the third Word i is the , with the 


00 Letter of the firſt Word; and the fifth Letter of the third 
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third Letter of the third Word, are the ſame with the ſecond ®- 


pf , ö 422 1 3 To 
6Xaa xe . 3 2420 

+1225-—70a-þaa | 5 
7+ 8 a- 24 288.5. = 1613 


„ a | 
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The Solution of AprxcTED EQUATIONS in Numbers. 


; JDEFORE we proceed to the Solution of Adfected Equations, | 
—_— it may not be amiſs to ſhew the Inveſtigation (or Inventien) 
bf thoſe Theorems or Rules for extracting the Roots of Simple 
_ Powers, made uſe of in Chapter XI. Part I. I ſhall here make 
choice of the ſame Letters to repreſent the Numbers both given 
and ſought, as in my Compendium of Algebra. Let 
, always denote the given Reſolvend. 
any Number taken as nea: the true Root as be 
Viz. fot may be, whether it be greater or leſs. 
the unknown Part of the Root ſought, by 
which y is tobe either increaſed or decreaſed. 
Then if r be any Number leſs than the true Root, it will be 
r+e= the Root ſought. But if r be taken greater than the true 
Root, it will then be r—e= the Root ſought. And put D for 
the Dividend that is produced from G, after it is leſſened and 
divided by r, &c. (into the Co-efficients of Adfected Equations) 
according as the Nature of the Root requires. Theſe Things 
being premiſed, we may proceed to raiſing the Theorems. 
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By this Theorem or Rule, the 1 and 2d Examples in Caſe 
1. Page 132, are performed; the which being compared with, _ 
this Theorem may be eaſily underſtood. = 
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Dy this Thiorem the Biquadrat Root of any Number m 
be extracted. But, as I have already faid, Page 134 
Extractions may be very well performed by two N 
of the Square Root. V ide Example, Page 135. 0 


Tv. Toextraftthe > Surfolld Root, viz. 0. au a. 


wa 


3 N 7 * : a8 If be taken Jefsthan juſt, thenr+e=a; * anti? 
4 ö | ö . which gives this Theorem — By this Tbeoem the 
4 F 5 Surſolid Root, Example I, Page 136, is extraQed. But if 

| 3 de taken greater than juſt; 4 then F—t=0, — 


D 
= which gives this Theorent— — Buy this laſt Theorem the 
= Examplein Page 137 is 5 
=. I preſume it needleſs to purſue the raifidg of thoſe Theorems, 
for extracting the Roots of ſimple Powers, any further; be- 


cauſe the Method of doing it is general, how 0 ſoever they 
are; and therefore it may BY eaſily 9 dy what is al- 


ready e done. 
F- Otwithſtanding I have fready ſhewed' the Solution of Qua- 


dratic Equations, two ſeveral Ways, viz. by caſting off 
= - the loweſt Term; and by compteating:the Square, vide Section 
28, Page 195. Ge. Yet it may not be amiſs to ſhew, how thoſe F 
5 — Equations may be reſolved into Numbers by this univerſal Me- 

tthodd of continued Series; wherein, if the firſt 5 be taken 

. equal to the firſt true Root, or ſingle Side of the Reſolvend; and 
= every ſingle Value of e (as it becomes found) be ſtill added to it, 
= _-foranewr; then thoſe Roots may be extracted without repeat- 
ing a ſecond Operation, as before in the ſingle Powers. 
5 FL 1. Let EF. It is 9 to find the Value 
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Caſe 2. If — then ns as above, 27 

will ariſe this Tbeoren. =, &c, And in Caſe 3» Viz. 
— . D 2: 
2ba—aa=G, you will have this Theorem —&c, as above, 


I think it needleſs to trouble the Reader 0 the Work of. © 
- _ theſe two Theorems in Numbers ; ; becauſe if the laſt E 
i | of Caſe 1, be underſtood,” the other. will be eaſy, Not hut 


_ WV -,,0 


that the Method of compleatipg the Square is very ready and 
/ _ eaſy, as you may obſerve by ths Av in ſeveral; eſtions of 


this Chapter. CCC | g 
| * —— - Se wg — 5 — 
5 N the Solution of all Adfected Equations, that are above (or 


higher than) Quadraticks, it will be the beſt Way to take r= 
the next neareſt Root of the Equation: And then it will be e 
Da, if r be leſs than juſt ; or if r be greater than juſt © 
(as at thebeginning of this Chapter). And all the Pawers of the 
unknown Part of the Root, (viz. e) above its Saule (ee) are 
10 be rejected or caſt off, as before in raiſing the 2 for the 
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Simple Powers. And therefore it is, that to ſuppl the wa 
| 5 a t of 
thoſe Powers (above ec in the Theorem) the Dada muſt be 
| "apr as in 08 are of extracting the Cube Root, 
> e 133, viz. when the Figures in the Root conſiſt of more 
than three Places (vide Page 140, and o N 
5 Suppoſe aaa- Hb . Qnære 2. 
Tea vis. let be ſuppoſed leſs than juſt. 5 
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Vu either of theſe two Theorems the Value of a may be eaſily 


43 found. Or rather otherwiſe, as in the following Example. 
Let 24 587914. Here b=24. Suppoſe the firſt = 
8 90, thenn#=729000 7.587914 without the 2490 being add- 
ed to ĩit: Therefore r L go. Again, Suppoſe r=80 then 22 
512000, and 24 r= 1920. But 512000-+1920=51 3920 C 
587914, hence 7 80, but nearer to it than 99. Therefore 
it muſt bei leſs than juſt 1 | 
18. 2111+ Z zrec aaa 
I» 24I 24 24 2242 
2 in Numb. a5 1 200019200 240 a 
A z in Numb s] 1920+ 24e=24e ' 
© © 4-+510151392019224e-þ240ee=5 87914 
6 — $4392017}19224&+2408=7 3994 | 
{ 7.24018 30% 1% 3083 


3 


8, iæ e 


| Operation 


of Adfefted Equations. Wo 5, 

Operation 80,1 | 3 ; 1 
A 17 1 oe gn et Oe GR 
— | 5 — « {1c 28 Th 4 thufty 
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2 in Numb. a5 86376, 25321017, 0551, 1 e a 3 
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rejected, as inſignificant. K n | 
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1 Se (10 03-44 
All the remaini es of extracting Roots md 260) areleftin the 


Author's own Merhod ; which by this Time, it is preſumed, the Learner will eaſily - 
know how to correct himſelf, If if he takes due Notice of ane 
Page, 131, 132, Cr. | 
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RE But if more Exactneſs be required, you may make the new 
83, 6776067, and proceed with it to a third Operation; 
which will afford twenty-ſeven Places of Figures for the Value 
of a; that is, every. Operatioꝝ will produce triple the Places of 
Figures to thoſe of the recedent r. And this, tripling the Pla- 
ces of Figures in the Root, at every Operation, holds good, 
_ andis to be obſerved in the Solution of all Adfected Equations 
_ (how high ſoever they are) — this — of reſolv- 
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1 7 Or: you may proceed otherwiſe, - as in the laſt Exar mple. Let 
6438 a=104785688, here b=64.38. onde ah the firſt r 
2 Soo, Frr=1 25000000, and br=32 19000, then 126000000 — 
1 781000. But 121 78 100 104485688, there- 
ore r4.500. Again, fuppoſe = 400, rrr=64000000, and br 
22575200, then will 64000000257 50. 6142800. But 
61424800 L. 10475688, hence r 7 400; conſequently r is 
betwixt 400 and 5000. "But 500 "A. next pegreſt ; ee, 
J let r= Ge being 3 than juſt. * 


mn {125000000.—750500e-100 erage 
3 0 5] 321900 — 6438.864382 
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Or otherwiſe.as before in-the two laſt Examples; 1 let 

$64—aaa=12272861. . Here 123456. Suppoſe the 4 
be ,r=200, then rrr=$8000000;- and 1 then 
24691200—8000000=1 6691200, but 16691 200 7 12272861, 
therefore r is here leſs than juſt, becauſe the higheſt Power is—, 
or Negative. Again, Suppoſe r=300z then r*=27000000, and 
br = 37036800, then 37036800 = 21000000 == 100368004. 
12272861. Conſequenlty L 300, and r7200., Let r=300, 
dn the t ns it more Ia een 
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Cady N which Kong iolved;: Oe, wilt appear to 
Ts the true Root, that is, aπ 3 juſt, 

Mot, Theſe are uſually called the three. Forms of Cubick 
"Fquagions 3 and in the Solution of the third or laſt Form, viz. 
ba=aaa= 8. you may meet with ſome ſeeming. Difficulties; 
eſpecially in making Choice of the firſt r, becauſe this Equation 
is an ambigious Equation, and hath two Affirmative Roots, viz. 

a greater and lefler Bot. But Having once found either of them, 
the other may be eaſily obtained by Diviſion only; as in the 
Quadartick Equation. Vide Chap. VIII. As for inſtance, in the 

laſt Example, 4 2283 and 123456 a—aaa=12272861. Make 
theſe two Equations So, to wit, let a—283==0, and me 
| Ae 4—12272861=0. 

| NOI a==283) — a9 #123456 0—1 227 A661 © 434 

| 18 : 07 — aa 3 4⁴ 208 ; | 


FEOF = 283aa+1241 High Is tz 
iz: — 80089a, 


—+43367a—12272861. wy ' (443367 
e e 


3 it appears 5 tene 6 3 nh at 

ly aa 28 3a 43367) this Equation being ſolved, a=110,2722 

Dec. which is the leſſer Root of the aforeſaid: Equation: ba — 

'aaa—G, &c. After this Manner all the poflibte and impoſſible 

Roots of any Equation may be eaſily diſcovered, any one of its 

Roots being once found. 1 = therefore omit water more 

Examples of that Kind. 

© - Suppoſe er. 1 a. Let 5947 8729, 

and G=560783.. By Trial (as before) it will be found wa the 
next en r-=40 being e leſs than juſt. 
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— Part I. Ch. 10. 
"Let the laſt Equation in the Enigma, Chap. IX. be here pro- 
poſed for a Solution. Viz. aaga--baga—cat-da=6G jy ea, 
2268, d=506, and G=1513;”" Quzre , B [Fryalz it will 
be found, that tha next e being ſometh: eckig more 
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By what hath bren-olrrady. e about Fog Solution of dels | 


few Equations (being carefully obſerved) I preſume the Learner 

= will eaſily conceive how t proceed in the Solution of all O's: 
olf Equations, be they never ſo h or adfe ted; therefore 
= . ſhall not here promiſe many varihs Examples, but only take 
1 them as they fall in Courſe, - when come to the next Part, 
== wherein you will (perhaps) find, Aych Fquatiggamigh.their.S 

=_ lutions as are not common. ——— WO null nifty 
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\IMPLE; Initeratls Is that which pad dur bg, — ＋ any 3 


Principal or Sum of Money, lent put for ſame Time, at an; 
Rate per Cent agreed on between the Borrower and the Lender ij 
which; according to the late Laws of ug land, ought to be 2 = 
Pounds for the Uſe: of 1000. for one Vear, and twelve Pounds: A 2 
for the Uſe of 100. for two Years: and ſo on for a greater, Of — 
leſſer Sum, ionable to the Time propoſed. 4 7 
There ate ſeveral Ways of computing (or atiſwering Queſti... 1 
ons about) Simple Intereſt ; as by the fingle and double Rule f _ 
Three (See Page 196, Kc.) others make uſe of Tables oompoſed alt 
ſeveral Rates pier Cent. as Sir Samuel Moreland, in his ve of 
Intereſt both ſimple and compound, all performed by Tables; 
wherein he hath detected ſeveral material Errors committed by 
Sir Iſaae Newton, Mr. Kerſey upon Wingate and Mr: Clavel. &c, 
in the Buſineſs of computing Intereſt, &fc. by theit Tables too 
tedious to be here repeated.” But I ſnall in this Fra take other 
Methods, and ſhew that all Computations relating to ſimple In- 
tereſt are grounded upon Arithmetical-Progreſſion ; and from 
thence raiſe ſuch general Theorems, as will ſuit with all Caſes; 
In order to that einn TRIER? I 2 27. N rater 1 = 4 * _ 
P= any Principal or Sum put to Inter B A Po 
La R= the Ratio of the Rate, per Cent. por Womans," | E 
t = the Time of the Principal's —— at e "= 


j | — 3 
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(4 the Amount of the Principal, and its Intereſt. 
Note, The Ratio of the Rate, is only the ſimple Intereſt of 1 
11. for one Year, at any given Rate; and is thus found. 1 


Viz. 100: 6 : 1: 0,06=the Ratio at 6þ6 Cent fer hee, 
Or 1c 0 : 7 :: 1 : 0,07= the Ratio at 7 per Cent. Kc. = 
Again 100 : Wy ' 1. :/0,075= the Ratio at 7 ind + per G. 

And if the given Time be whole Years ; then ir the Num- 
ber of whole Years ; but if the Time given, be tithe pure Parts 
of a Year, or Parts of a Year mixed with Years | thoſe Parts 
muſt be turned into Decimals; and then f= thoſe Decimals, Se. 
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Let R= 


the Intereſt of i Tos: one Yea 


if it-be.conſidered- 
1 Day is the +; Part of a Year = 0,00274 s 

. bet dne J Monch is the 2 Part of a Vear o, o8 
ug © Quarter is the 5 Part of a 
Theſe Things being premiſed, we ny” proceed to raiſir 


1 5 . 


710 


Then 2 R= the Intereſt of 11. for two Vears. 


| as 3 R the Intereſt of 11. for three Years. 
1 4 R the Intereſt of 1. 5 four be And ſo. on. 
5 . 5 ug e, any Number of Vears pr 
Hlence it is plain, that 
Series of Terms in Arithmetical 


4 ”% . 


TIL Ranis! Intereſ-of: 


eſſion incr 


2 * atis 


I, as before, 


Year = 0,25 


one Pound i Ws; 
z Whoſe - 


ICH LS oy _ », oy bs of — 1 CTR > 
*2 N SS Sn it. ES ee 
= — N 7 5 8 ” N ” * R N * 
* Ds © - 1 4 2 * 7 0 — * 12 by y N 
* 3 / F * * 5 ly EY - * 6 . 7 a 
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* 
21 ＋ 23 art a T 


ow the common Parts of a Vear may — aa or con · 
verted into Decimal Parts, 


frſt Term and common Difference is R, and the n of 
all the Terms is f. Therefore the laſt Term will always be 


4 K 
Ihe 


S the Intereſt of 17. for any 
A, one Pvund: is te the: Inter 


given Term 


erm ſigniſied by * 
eft of 1. 2: Je is - 
| Principal or given Sum : tots Intereff. -\ 
That 46, .: R:: PY RP the Intereſt of P. Then 


*F+4 
*Y 


„ 
* 4 + 


the Principal being added to its Intereſt, their Sum will be = 


* 


2 v7 


{4 Fo 77 42 
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722 4 ? * +3 * . $1 


- SS 


2 $I os! the 
eſe four Thrarems reſolve all Queſtions about oe Intereſt 
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- Theorem: 1 
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* Theorem * 
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Hp een 3 which ey this general T Boone, 
Fiomwhence the three following Thee are ehre 
| — 


* 


3 
Quai . bat wilkagsl: 108. amount: to in 3 Tears, one 


one garter =. aj e eln 


= : : 4 her 105 e 


2 Months OT = 0,0 
_ Days g , 4932 = 5 1 


Henee = 3.40599 


Then are 


Ad 5334158 


ect 


THT 2. 


. 0,207 
e 
256,5 309,84158 


1 ® 
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2. 
S RP+P=A.” 
160, ann e 


e. n . 
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TRY PO e 
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7 "0 — 
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* - 1 N 
1 wh * A > * 9 9 
* N N Sy 8 * * g i 3 e IN Wi" ly 
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A*. "of Simple TR.” * "244 I 1 


why = What Paincigal or Sum being put to Inter „ will 

rate 4 Stock of * 16s. 10d. in three Years, one ; = 
n 18 Days; 68" Gat fer tons ff V — 
Oe che ſame Queſtion. otherwiſe ſlated thus, _ == 
Whit is 30gl. 168. 10d. due three Years, one POO two B 
Months, and 18 Days bence, worth in ready ns abating -» 
diſcounting 6 per Cent, &c. 1 
Here is given 4 = 309, 641586 R 6,06; t = 3-46599 


\ (fonnd as before) thence to find P. Per Therm 2. _ = 
| 3-46599X0,06=0,2079594=tR. Then r R+1 =1,2079594) ___ 
; 309, 841586824 e tht: is, 286,580 10 7. the 
: Anſwer e | 11 1 * "P 1 3 7 92 8 2 
ö n 5. 1 OR Ras or ie ber, Cint. Ec. will 2 

2561. 108. amount to zogl 16s. 10d. in threeYears, one V rter, 


two Months, and 18 Days? 
N Here is given, P==25645 ; 4 4=309,841 3863 and {=3;46599 
to find R. Per Theorem 3. Firſt 309, 841586 — 256,5 = _— 
$334 1586=4—P. Next 3,46599X256,5 = 889,026435 = 
| . 35) 53 N 586 5 the Neri. _ 
* Thas 11. ;:0,06 :: n A ; _ 


Queſtion 4 In — Time cuil l 286l. As raiſe a Stock * PRE = 
amount to) 30gl. 16s. 10d. at 6 per Cant. &c. > 
Here is given, P==256z5 3 A—309,841 586, and R==0,06 1 

to find f. Per Theorem 4. PFirſt 309, 841 586 — 266, K- == 
53,341586 2, P. And 256,5X0,06==15,39 = R. "Then 
15,39) 8334186 (3,4659. = ſkhat is, 3 Years ane 
46599 Decimal Parts of a Vear; PID may be brought i into. = 
common Parts.of: ere me 57 aa un #1; ! = 


0.46599. 6 3 And 60355 0,21599 (2onths 5 3 
OE ATI er 16566 1 


| 4 
l — U— — 3 Ig "Y 4 | 
0921899 9 o, oa) 04933 + (18 1 9 


Hence f=3 Years, 0 one Quarter, 2 Months, 0 18 Days; _—_— 
the Anſwer required. -— 

It muſt needs be eaſy to conceive, that what} is Ke done at 
6 per Cent. may be done at any other * of Intereſt, by form- 
1 the Ratio ( viæ R) ee hy 4 


— 
* 
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—  Althoiphit be according to the Laws and Cuſtotm of ExxLand, 

dc to compute Intereſt at the Proportion of 6 per Cent. (as above) 

_—— _ yct he that takes up Money at Intereſt for any Time leſs than 

even or compleat Years, pays more Intereſt than ſeems reaſon- 

. ably due, according to the Rules of Art. As for Inſtance. if 

100. be forborne at Intereſt one Whole Year, it amounts to 

106]. But (IL ſay) if it be repaid at the half,Year's End it ſhould 

not amount to 103; as appears from this following Proportion. 

Let a=the Amounts due at the half Year's Tad z then it will 

'be-100-:a:: 4: 106 the Amount at the Year's End. Erg. 

| aa==r0600, and az=y to6o0=102,9563z=1027. 197 tid, which 

is leſs than 1031. by 104d. - And if it be paid in leſs than 
=” half a Year's Time, the Error muſt needs be the greater. 


? ” 4 
x , * * 
LY 8 9 1 5 x . * SF * k . 4 2 " * \ 


r oY 


Sect. 2. Of AxnuPries; of PENSIONS 7 5, FOmputed- 
5 5 al femple 2 8 gh G ; OILED 
N NNUITIES, or Penſions, Sr. are faid-to be in Arrears, 
FA when they are payable or due, either Yearly, or Half- 
yearly, &c. and are unpaid for any Number of Payments. 
herefore-the Bufineſs is, to compute what all thoſe Payments 
will amount unto, allowing any Rate of ſimple Intereſt for their 
Forbearance, from the Time each particular Payment became 
que: Now in order to ha.ͤ AAA 
| uv =the Annuity, Penſion, or Tearly Rent, Cc. 
put I#7 the Time of it's Continuance, or being unpaid. 
D the Ratio, or Intereſt of 1. for 1 Yeur, as beſore. 
S the Amount of the Annuity and its Intereſt. 
Then if u= the firſt Year's Rent, due without Intereſt. 


Nut the Intereſt} .. . . 8 
> au=theRent I due at the End of the ſecond Year, 


2Ru=the Intereſt )* | Pn wes 
zu the Rent J due at the Fnd of the third Year, 


AF 3 Ru the Intereſt 3 1 55 
be Rent J bee at the End of he fourth Near. 
R. the Intereſt 22 1 
S. che Rent J due at the Endof the fifth Near. 
And ſo on for any Number of Years. Hence it is evident, 
that Ru+2Ru+3Ru-4Ru+$5u=A the Sum of all the Rents * 
and their Intereſt, being forborne 5 Years. . 


, 


CY 


* * 


+. 


* 
Ly 
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Here i=, Divide by uy then R+2 R438 48m , 


5 8 1 1 8 4 
) Next to find the Sum of this Progreſſion (See. Page 385) * "8 I 
h | Let R+2R++3R+4R Kc. =2, then 1+2-+3+4 &6. = = 
f Here the Sum of the firſt- and. laſt Terms are 1 t, y . 
and the Numbers of all the Terms is 33 Thaler "2 Y 
. <= X #2 the $umof all th Terms; that is LL == ; 
. 2 | 4 

hence * 2 Wie Cesteg sen 5 8 R Ants "M | 

— pation it will be eaſy is deduce th «Glowing C . 

Theorems. Ro 4 = 

£208 . * x _* 

_ 7 e I — hs MY 


| ka — Ka + 7 " 5 


ASE - 
| eftion 1. ] 3 v Rent for on, Ke.) bet 
8 ⁊obat hk eo in that TOs at 
6 per Cent. far each Payment, ar it becomes due? 
Here is giver «= 250, f = , and R = 9,06; to fd £ 
| Per. Th. 1. Firſt 250 X 7 = 1750 = tu, 4750 X 7 = 2230 _ 
eilt. Agen 12250 — 17540 = i$;00. Su — tu,” and f 


— * 9,6315. Laſtly 315 e . —= 206543, Fae. 5 4 6 | 
2065 ll is the Anfa. required, | "i 43 
But if the Annuny, Reucor reges n W i 2M 
| half Yearly Payments, He. Then 20. 550jp3: = for tif | 5 4 


early Paymants : 2nd — 2 — og = =R for e or A 
F 800 =2-R tee better, Paymavots Example of half you. . = 


I Payments. = 
Suppoſe; 2500. per Annu, 10 be 81 by half yearly Rape =_ 
ere in Arrears, or unpaid for feven Tears; whet word it uns, 
to, WE 6 per Cant. per Annum * * 1 Fg Et it bes A 
: ws due f. . | | 1 hi _- 


* e eee t= 14 the Nom. 5 


1 bre Pojmenn; and R= 0,032 22; thence to find . 


;: 


Firſt 125 * 14 = = 175 , 1750 X 14 Saint tn 
3 24500 —1150=22750 Sin; then —2> —_ = 11375, 


asd 11375 X0,03 = 34125. Laſtly 341,25 + 1750: 2091,25 
hat is, = 20917. 57. the Anſwer required. 
VNV. Hence it may be obſerved, that half yearly Payments 
axe more advantageous than yearly, For 2091 J. 5. > 20650“. 
by 267. .5s. conſequently, quarterly Payments are more advan» 
= rageous than half yearly Payments. 
4 2 2. What yearly Rent, Penſion, &c. being forborn er 
8 unpaid Years, will raiſe a Stack of 2065 |. 2 6 per 
Cent. per Annum wn for each Payment, as it becomes due? _ 
UNMere is given A=2065, t=7, add RO,; to find u. *Per 
_ Theorem 2. Firſt / X0,00= 0,42 =tR, and o, 42 X 7 2,94 
iR. ThentfR —tR= 2,52. -Laſtly 2 tR—tR+'2t 
* 16,52) 430 2 A 280 u; that i is, 2501. per Annum, &C. 
will raiſe 14 I. the Stock required. 


3 Queſtion In what time will 250 l. yearly Rent raiſe a Stock 
" 50 51. 1 6 per Cent, c. for the Feyvearance of the 
| Lone as they becume dus, 2 


ere is given W- 4 =206s, and R= 0,06; 'to find 2. 
£484 beorem 4. Firſt — RE 8 3333333 9 33.3333 1 


8 23283332 7 K = Then 16, 16666 l x; 261,3605 


Serke Again === 8 5 "== 255 eee Ru, = C 27513333 | 


TY Laſtly, MR böses pe, the Ti ime te. 
* | 


Dyeſtion-4. If 2501, yearly Rent, being forborg ſeven Years, 


Will aniount to 2065 |. allowing Simple Intereſt for every Payment as 


it becomes due; what muſt the Rate of the Intereſt be per Cent. Ege. 
Here is given u==250, A= 2065, and t = = 73 ; to find R. Per 
© ' Theorem * 
1 t u=12250 W ene 
= - Thus 1 tu 170 Ns 21 %% inks 


2 1—t 10500), N 630=24—2.4 = (096 =R, 
denke : 100; cn eee 9 


* 
A 
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NY 3. The 1 Prev Worth e or Huss "4 4 5 1 


* ted at 3 Aen., 


Tu Buſmeſs of purcksſing Anpuities, or taking of Linde 

e. for any aſſigned Time, depends upon the true equating 

of the Principal or Money laid out on the Purchaſe, with the An- 

nuity or Yearly Rent, by allowing (or diſcompting) the ſame Rate 

of Intereſt to both Parties, Which may be eaſily performed by 

dul pplying © the — at Theorems of the two laſt Sections to- 
ge ins l dy the Aras, Queſtion. 


Queſtion 1. ber is. 751 yearly Rent, 2 Sts nine Years, 


- worth in ready Money, at 6 per Cent. per Annum Simple Intereſt ? 
1. Per Theorem 1. of the laſt Section, find what the/propoſed 
2 Rent would's amount to, n it were forborn 9 Yeaes, At 8 


wh 


4% 
4A 
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2 452 (4 1 
"Re = OT. 

tu 675 dupe fs. "RE 006 ane 6 
e . N 


Te 6154 ane 


bb Then by Theorem 2. . r. find what Principal, bei 
put to Intereſt for the ſame Time, apd at the ſame 


amount to 837 . A. Thus R o, A X 0,06; tR+ 7 


= 1,54) 837 (543-5004 = = Pts, P= 435 109, 14d. 


which is the Worth of 75 l. a Year, as was required. 

From the Work of theſe wo Operations (duly conſidered) i it 
= needs be eaſy to bee how the two Theorems by which 
they were pn may be combined in one. 


Fork OS DRE ESI 4; inde... PIR +P=SA 


2 
Conſequently PtR+P= — —. And from 


this Equation may be deduced the following Theorems, 


to Ru. Rua _ ttR—tR+2t | 
Theorem 1. — 3 5 55 =P,or — 2712 = Xa: = 
By this Theorem all Queſtions of the ſame Kind with dhe laſt 


(vi. that above) may be * and readily e at one . 
ration. 
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VB y the ſecond and fourth T heorems, two very uſeful Queſtions | 
may be eaſily anſwered. r x 7 
I. As for inflance: If it be required to find what Annuity, or 
_ yearly Rent, &c. may be purchaſed, for any propoſed Sum, con- 
ue any aſſigned Time, allowing any. Rate of Intereſt * © 
== "This Queſtion may be anſwered by Tbeorem a. 
2. Again: If it be required to find bow' long any yearly Rent, 
i or Annuity, &c. may be purchaſed (or enjoyed) for ang 
ET propoſed Sum, ot any given Rate of Intereſt? - Kt t 
A Queſtions of ihis Kind are eaſily anfwered by Theorem 4. 
In theſe Queſtions it is ſappoſed, that the Purchaſe or yearl 
Rent, is to commence or be immediately entered upon, But if 
ti be required to find the Value or Purchaſe of an Annuity or yearly 
Rest, Sr. in Reverſion; that is, when it is not to be entered up- 
on until after ſome Time, or Number of Years are paſt ; then you 
mmuſt firſt find what the Sum propoſed to be laid out in the Pur- 
=. chaſe, would amount to, if it were put to Intereſt, during the 
1 \ time the Annuity, c. is not to be put in preſent Poſſeſſion; and 
make that Amount the Sum for the Purchaſe, - proceeding with 


tit as in either of the two laſt Queſtions, (le.. | 


Note, From the firſt Dyeſtion of this Secliam it will br eaſy to 

'» . conceive. bow to perform the Equation of Payments, between Debtor 

oer Creditor, at any Rate of Intereſt, without duing any Damage 

0 either Party. + . | | . 

4 + That is, when ſeveral Sums of Money are to be paid, at ſeve- 

==. ral different Times, to find the Time when all the Payments may 
de truly diſcharged at once; as if one Sum were to be paid at 

we End of tuo Months, another at fix Months, and perhaps © 

WW - third Sum at eight Months End, c. And if it were required o 
ud the Time when all thoſe Sums may be truly diſcharged ut 
= ene Payment without Los, Fc. „ 77 


as * $ 4 : n 
0 - 2. . * 4 3. 
"+ * N ' 


5 | 0% Esten W and Ansvrrine, De. 


OMP OUND huereſt is that which ariſes 5 any Be. 
C pal and its Intereſt put together, as the Intereſt ſo becomes 
due; fo that at nay Foxes or at the Time when the Pay- 
ments became due, 
| Reaſon it is called Intereſt upon Intereſt, or Compound Intereſt. 


As for Inſtance; Suppoſe root. were lent out for two Years, Wy Y 7 


at 6 ber Cent. ber An num, Compound Intereſt: then at the End If. 
the firſt Year, it will only amount to 1061. as in Simple Intereſt; 
But for the ſecond Year this 106 J. becomes Principal, which will 
amount to 1121. 75. 24 d. at the-ſecond Year's End, whereas by. ' 
Simple Intereſt it would have amounted to but 11 21. 

And although it. be rot lawful to let out Money at Compound 

Intereſt; yet in purchaſing of Annuities or Penſions, &c;” and 
taking Leaſes in Reverſion, it is very uſual to allow Compound In- 


tereſt to the Purchaſer for his ee ard therefore it is 


wm requiſite to underſtand | 02 | 3 
8 N 22 6 8 — IF.” 2 4 ns. Fry ny $4 F 
i; 1 r * 9 4 


| . Principal put to Intereſt. 26A 5 
de Time of he Oontinnance. es before, 
A= the Amount of the Principal and Intereſt; at 
* the Amount of 1.4. and its Intereſt for 1 Year, at 

IT. ES Siren nate which may be this fh . 
Viz. 100: 106: 1.5 106 = the Amount of 14, at 6 per Cut. 

105: 100 5:4? 1,05 = the Amount of y f nt. 5 per Cont." 
and ſo un for any other aſſigned Rate or Infereft,” !_\, 
N Then if R = the Amount of 1 J. for one Yea any Rate. 
= R*= the Amount of 1 /. for two Years. ; 
5 . the Amovit of 11. for three Nea, 1 


# 


4 the Amoumt of 1 J. for four Tears. 
Rs the-Amount of 1 J. for five Years; Here t= 55 | 


Porte Rl R: RR. RR: RRR: : RRR: Rar: RV RS: & 


1 Is 0 
: 284 if. | \ 8 8 
K £4 g I . a 
* 5 = - © ; van) 
. ** . 7 Þ 
" - ; * * * * en * 
- : f . = : * . — 
| 0! n 1 8 
- 4 1 : N ö , -1 
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e 13 created a new Principal ; and for that a 


Ses. 1. Of Eonrover lang. * Bf 4 : 


As one Pound: is to the Amount of one pound at iS | 


That is J Yeat's End :: ſo is that Amount: to the Ameunt of 


* 2 ove Pound at tro Year's Pod, Sc. 


ad 


— 


= 254 * * 9 3 1 5 IL Ch. 1 42. 
Wbence it 98 that Compound Intereſt is grounded u 

| n Series of Terms, increaſing i in Geometrical Proportion 1 | 
| wherein : (viz. the Number of Years does always afſi 2 


the Index of the laſt and . 9 Vix. the Power of 
which is 5 


_ ks * Again, Ag? 2 Re: P: P 8 4 the u wy TOY 
_. Time, that R. = the Amount oft J. $ 
=_ As one Pound : it to the Amount of one Pound 1 2 ay 

That is 1 given Time :: ſo is any pr RET FRE, ba N fo 


Ci Amount N the ſc a 
pio the Preniiſes ( preſume) is Nate of the fling 
—_ . ag? woup be very eaſily L a ng 
I 3 155 Theorem 1. PR'= A. hate” CN. i 
1 vn hence the two following Theorems are I. deduced. | | 
_—_ 5 


* — 
* 0 


— I. = : 2 # 7 1 
1 | Theorem es =P. Theorem 3 =*. * | 
ct . * — 1 „ 4 1 — Pl, * 

We. 2 * ” , ES Suk A , N 
- 3 ? 3 — 7 8 « 0 * 1 

' D = . 

o * 
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theſe fs 1 all Queſtion * 3 = 
may be truly reſolved by the Pen only, viz. without Tables; 


== - though not ſo readily as by the Help of Tables, calculated on Fur. ; 
| = = Us will e farther on. 


* — 


4 * 


"4 
. . 


2 . WM Que ion 1. What will 2 2561. 10s. amount fo in ben, Year ears, at 
42 s 4 ad ent. per Annurn. Compound luer: | + ak 


22 


4. 


* "IE is given P= 256,53 t=x7; N = = Ss whidh being! 
involved until its Index r (viz. J.) will become Re =I 50 
Then 1, 50363 X 256,8 363,681 wee 137. 7a. ay 
(GE Anſw n Ne 


'4 


x 


| ueſtion 2 " What Principal or 9 of Maney m 1 Cor 
=... * Jent out to raiſe a Steck of 385 l. 138. 9x9. tis £ 
| Soo Cent. per Annum Compound Intereft ? 2 
Het is giver 4 = 385 6817; R 21,06; and t=h; to find P. 
i Theorem 2. [Thus RI, 50363) 385, 6811=A(256,3z=P. 
| Tt =2564. 104. 1 is che Principal or r as Was 
requi 85 £9 | * | » 


* 21. . Of Com 


In avbat Time will. 2561. 108. raife « Shock: 9 
(or — — 385 b 138. 74d, allewing 6 per Cent. per Ang num 
— und Intereſt? * 
_ is - given Pr 256, 3 25 2 . to 
385,68r1 
find? by the third Theorem Rt = FF Ree” * 1, 50363. | 
which being continually divided by R = 1,06 until nothing re- 
main, the Number of thoſe Diviſions will be 9 = t. Thus 
1,06) 1950363 (1,41852. And 1,06). 1,41852 (13342235. 
Again 155 1338225 (1, 262477. And ſo on until it become | 
I ,06) 1,06 (1. which will be at the ſeventh Diviſion. Therefore = 
it wil be bg the Numbers of Years required by the Queſtion. _ 3 


| Sina; If if 2561. 105: : aan to (or raiſe'a Stock g J * 
om 74g. in ſeven Years Time; what muſt Se 12 | 
ns per Cent. per Annum? - 25 1 
ere is given P=256,5 3 4=385,6811, and 15 * 5 


R. By Theorem 3. 5 . R. =1, 363 as before in the laſt 


| Queſtion, a = © a6 . 1 
which may be thus . . is : I FRO 


Ry Js l 
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33311-05459879031356j1.0584 781199 | 7110348744641 
334|1-0547671608[35711.0586471097 | 5 1.0 396103076 
2 5493555823581. 0588161265 91.0446 705634 
335 1-0551039824135911.0589851703}.1911-0497556507 
337] 1-0552724336[360[1.0591542411| 11 10548653 94 
— 105844091 161361 [1.0593233380| 1211.06 | 
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The Uſe of this Table is in all reſpects like that of IT 


28 ee Months, Se. 


* 
1 2 
* 
5 7 : 
8 n 
. 57 


1 ears, in finding the Amount of any given Sum for my 
Number of Days leſs than a Year. 7 32 5 


. HY 0.4 EXAMPLE I. 


| Seppoſe it were + required 1 2880 the Amount f 3751 for 210 . f 
| Dayrat õ per Cent. | 


The Amount of 11. 3 is 8 en | 


Then 190349928 X 375 = 387,7848 S. = 3871. 1 
which is the Amount required. And the reſt of the 


s. Nad. 


he Time given conſiſts of Years, and Parts of a Year - 


6 ing an. 


EXAMPLE 


fariations : 
may be 8 Juſt as in the Examples of whole Years. 


Then reduce the odd Time or Parts 
of the Year into Days; and the Anſwer may then "y dend at two 
* Operations ; 5 as in tne 


q 9 2 — 
my l 


9 8 * 8 * 9 a 
4 ' 3 4 N - 
a Nr K 
. * * - - 


- ». 


P vo C Ps 55 * C | ; ny, EO a 2 * V 
Ot Compound Intereſt. 268 
Example 2. Suppoſe it were required to find what 265 I. We 

antun 1e in froe Tears and 135 Days at d per Cent. apt; 9 "M0 

re 15390 gas Te ITY 
EE Firſt the nn 135 Days is 1021785 Ce. "> 


ien 1336225 X 1,021785 X 2651. = 362,355232, Ge, 
. thi. 


Or, if the Amount and Time are given, to find the Princip; © 
Then Multiply, the Amount of 1 J. for the Tears, and the Ameunt 3 
of 14. for the odd Days together; And by their Produd## divide 
' - the given Amount, the Quotient will be the Principal required. 


| + . "+ Example 3. What Principal will rae» Stock of 3641 7 1 
| Or 362, 355232 l. in 5 Years and 135 Days, at 6 per Cent. tf. © 


CO LEO , / ˙ Yun 
- (Dis Amount of 1 for 7 4" Doris  1,021785 Be. 1) 


** 


= 


OF 


$4 Then 1,33822 $[X-1,021785 = 1,361378 Xe, the Dieifor. | 
Next 1,367378) 362,355232 1 (265 J. the Principal required. 


* Again, if the Principal and its Amount are given, to find be 
TDi, at 6 per Cent, & c. you muſt divide the Amaunt by its Frin- 
_ © riþal, and then proceed as in the Third Example, Page2$6, for 
_'F_ _. © the Anſwer required. ae BR bl OE I FO 14.2 ets FRE BS 
Haut if the Amount and its Principal, with the Time of its bei 
. at Intereſt, are given, to find the Rale of Intereſt ; Than Peel 
as in the Fourth Queſlion, Page 285, &c. | 
Now in order to make this T able of Am 


: * 
* 8 2 
1 * 
F * 


ounts. for Days, uſeful 


find the Simple Intere/? of 1 b, ſor one Day, both at the given 


Thus, ſuppoſe the given Ratio were 8 per Cent per An ; 
TI, Firſt 100;8 a: 1 0,08 And 100: 6 : + 1: 0,06 the Two Sim . a 
* + © Intereſis for one Tear. | Fa” 22 
Iten 365) 0,08 (6, 00191) Cc. the Simple tere of J. 
"INE. - for one Day, at 8 per Cent. ol ws 


; And 365) 0,06 (0,00016438 &c. the Simple Intereſt ot i L. for 
4 one Day, at 6 per Cent. „ be 


* Their Difference 0,000054.39 = which may do indifferently 
well for ordinary ſmall Qucſlion,; but where ExaQuneſs is requir- 
F, - ed, it will be convenient to make Uſe of this Proportion. - 
Tr” + g % | e ; 
1h ; . | | EOS + od L 
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N 64 \ £ 
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n wala Es 8D ale Ru: 
1 To a-Fourth Number n | 
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1 bat! is, 0,0016438: 8 en es 3 
en ee APY 5905=0,00005 Ja1= 


7 This being ee with Ae tee 3 fan 
 -' the fame Manner as was done with thoſe for Years ee 
e en vo dhe ee, ne 


e 


3 . 2. Axvorris ge in * ee. 
3 1 i . . Pound Intereſt. 

=_ - THEN Emule, &.'are ſaid to 2 Hrrear, OY 
3 5 248. And I ſhall here make uſe of the ſame Letters to 


= . the ſame things as before in that Page, ſave only that R 
1 is here equal to the Amount of 14. 25 in Section 1. of this Chapter. 


433 bun 
4 4 1 will Ru e L Amount of the Firſt Tear*s Rent, a 


87 its Intereſts; More the 2d Years Rae” 
* the Amount of the iſt and 2d Tears 


* * And Ek. + 1 f Rents, with their Intereſt; ; More the 34 
HP Year's Rent, &c. 
Here RRU + Ru + uv = A the Amount of any 17 — Rent or, 
1 rig being forborn Three Tears. And from hence hence may be 
= deduced theſe Proportions. 
£5 Vit. u: Ru :: Ru: RRu :: Nu: ; RRRy and ſo on 3 
any Number of Terms or Tears denoted by 1, wherein ng laſt - 
Term will always be uRt:. 
Ne uenily 74 1Ri—1 = the Sum of all the An 
—u= the Sum of all t the Conſequents in the Yorks 


3 3 Es therefore it would be «: uR;: en: 4 Vide X 


Page 188. 
ze Au = RU unt which, being divided all by 15 will . 
G4 become A—u = RA— AR. 
Mm E — From this laſt Equation, it will be wi to rail the ſllowing. 
| WV | T beorems. : 85 N 


1 Team 1. N 3 2. 3 
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#3 — N 
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4 1 ** ' 8 , 
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> N 9 F 7 \. 3 | ; 
& A . ” . 
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=, 3 4 C ' 5 5 * , 7 . 
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* ; + 2g Suppoſe u = = the Firſt Teer Rent of any Aunuity without In- 
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] 
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=_— 2 
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ot Compound lere. 467⁰ 5 


a 3 + pa: l. if this Equation be continually di- 


vided by R, until nothing remain, the Number of thoſe —_— 
will be t. See Page 255. | 


| ti (7 RARE = ©) # this Edie be ala 


into Numbers, according to the Methed Pye in Seel. 35 2 
. the Root will ſhew the Value of. R. 


2 


erte f. If 361. Yearly Rent, or . c. a 
born (1, e. remain unþard) Nine Tears ; what will it amount to, at 
| 6 per. Cent per Ammum, Nats: Inter? 
Here is given 1830, 9. and R = rg to find A. ber 
f Wes * | 
R1=1,689479 By the Table of e. for. r ears 
I. nt iv 8 N 


5 eee oy 


1 * 
8 irn . A ASE 


., RAT E006 20684370 Gees ge 145. 964; 8 
the Amount required, R Ne tp 


 QuzsTION 2. What 2. early Rent o or Ah; Gee. doing fortirn 
| er unpaid Nine .Years, will raiſe * a dert / 3444 14% 94d. = » 
$4473 395, at 6 per Cent. &c, | 
ere is given A = 344.7395, f 9, and R ie to find u, 
pet eg 2, 


Nan 395 106 368.43%/%/ 0 


e | | \ | g PF 


wakes N 682479) 20668437, G 1 


; . QursrTIO0N 3. In what Time will 301, Tegrly Roi raiſe * 
Stock o Amonnt to 344) 145. 91d. allowing 6 per Cent. for the 
"Porbearimee of Payment ? | 


Here is given u = 0, A = = 34451395, and R 1,06; to bd 
t. per Theorem 3. 


irſt ARE. 365, 42387 ＋30— = 50,68 X 
And yp 50, e 344-7395 * | 
R=1 1,5689479 (r, 593848. And 1,06) 1,593848 (1, 50963 : 


and ſo on until it become 1,06) 1,06 (T. which aber © t the 
| ns td therefore? = 9. \ ; 
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F ö . 5 1 there i is this Equation; 11491317 eee, 


e 1 2 _ Ye! Gase in the Table of Amounts for 


= 7 ears, will be to ogy is 9 W witch 1 is he 
_ Tims required. - "a, 


* amount to 3447. 145.944.” allowing 


nd Intereſt for 


; per Cent. &c. 
= Heres given u==30, 4=344,7395, and! =9;, to find R 


at. 
* . * x 2 


3 3 " laſt of N N Fiz. 44 SN. N 2 —— 2 | 


4 W 1 


de, 1497317. And ee 


* 
* 


I | Bye and ſuppoſe r=x 


| 4 855 Lg 15 "Ce 219 + gr% 4:36 N R " 

wand. 

37 5 | 2 in Numb. 4 

_ 3—4 $ r | 
1 | 


11,491317＋11,491317 211491317 R I 
1,000000+9,000000e + 36eez=R9 


. . _ Wheree 
3 6 36. 


eee, ee ah 
ron . 


„„ Ar Cw ly ty involvi 
1 Firſt N=] fu MR it, and «of it, 21 22 
=» os (ian about arretf.. | 


_ - "Sefton 3. To find the er Wonrk 4 Anni Paſs 
1 "0 Bs. Ea. ws Compound wk a 


| 5 
N g * b - JIE the preſent Worth of any Annuity, n &c. 


the reſt of the Letters as before. 


Then, from what has been ſaid in Section 3, | Chap. 12, about 
 _ Purchaſingof Annuitics, & c. at Simple Intereſt, it will be eaſy 
do form the like Theorems here at Compound Intereſt, uin. by Com- 
4 ee Tbeerem 1. Page 266, and T beorem 1. Page 254 into one 


= {The . Kaas t * un- 
1 For r. = 4 uit far ri 4 Rap 5 4 | 


* 


laſt 3 Page 266. = 


nber of Tears, .. _ 
1. * * 3 


WE tn rhe » for of 55 ame 
There's. 7 4 8 
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- Qursri0N 4 If 401. per 8 ** . Nine * ng | : 
every Payment as it becomes due, What muſt the Rate of ale be 3 


The Ann of any 2 or «Sum being put to 8 


ä 


Viz, PR. PR = Be ha * 1 ſame Equation 
with that in my e e of Algebra, is of hs 112. which is there 
raiſed from the Con 


ideration of purchaſmg ities, or 
of Leaſes, &c. to be — oh a ft Gone 
cal Proportionals continually decreaſing - Thus - — is the Firff and 


Greateſt Term R the common Ratio ofthe ues and P 
the Sum of all the Serves. ws St xr) an ek, 


no OD I we 
N * . "RR "EEK i 


ay; | + in nd the la Terp Z = Thenwill P—- be lde Sum 

6 of all the Antecedents, and Þ— the mob all theſe 

* 8 N 2 
1 > I. Or (in thefame-Ratio) # + rs Bolſa 7 


r —— 


6 1 
En 4. vl 


- : 
FI, enen Above. 
Prom this Equation may be deduced the following bee. 

wy 2 a 8 . R 


PS 
1 


Theorem Which, 1 . f 
4 8 L= = r will give t. == 


8 1225 We < | The refotring of which 
W of R. 09" N 5 
Queſtion. 1. Whats 30 Yearly Rent, to e Bui Years, © 


. | wart in ready Maney R "I 


wy Here given » = 50 =". And leona r * 


* 
* 


k F Ne” OT % 


* of a e 3 
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* mtg: TS 
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Med” jeg 57 1 3 Renk, ta te Wo . 


„ e 1671. Sh 4 ah 8 W 
und Intereſt ta the Porcbaſer ? 22 — 


* 4 


i wi Que ſnon there is given ee „ 
And R=1,06 to find u. By the Second Theorem, _ a... 
Fiſt P. XR 25158163 * 1,96 266,944 | 


5 303630) 2515033 ; 0 858 rt 


— — — 


Then Ef 0,50363) 3 bee. 

That 1. 0 the e. 1 1 
- Queſtion 3. How, long may ane PE iſe Pg ol. Tear! 
E, fy 1671. 9s 56. eb, i} 

0 e | anne 
Hes gien Faris 716 & And Rug to bud 
By the Third kene — . 65975 
"Firſt P4+unzr67,4716430=197,4976 | a omg 
ans a6 er pn er eo IS pi wa 
e on | Then 191 7130 —— 


It this 1 1 be: either continually droided by t06=R 
until nothing remain (as before in Page 255.) Or if it bs ſought 
in the Table of Amounts for Years, &c. it wil 1 = 

e Wert ee W | N 


*4 1 3A 


- 


Queſtion 4. Suppoſe one ſbouli give 1671 98. 34 * 
abi of a Penſion, or Anmuity of 301. per Annum, to continue Seven 
Tears; Mt what Nute of 1 Cent. uA ee be 
wier, "aNowing Compunnd Intereſt to | 


* 


In this Queſtion there is given, 72 3 mal 
+=7 find R. Pet Theorem 4 in this Equation I1+5: = : 


Rib Rim Reb = being. b rought into Numbers, and its = 


extracted, as in the fourth Queſhon'of telaſtSe#im; the Value 
of R will be found 1,06, and then it wil be 1: 0 ,06 :: 100 WS. - 


me Rate per Cent. « 45 Was cams eee pt 

he #4 | Fog x ; 7 q : 6%, f Theſe 
„ „„ VL te 25 e 

8 Sa MW. I” 

8 * f 5 i * 


> 
18 


* * 33 * 
| hy oft Net = 
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> — n PF. 
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1 Ot 3 ht "a 


SETS upon, or in re at che Time 


e * 'Yearzafier that Time: at 6 per Cent. &c. Compound . 


num, to continue ſeven Years, is worth in ready Money; as 


| R 
. — put out ten Years, at 6 per Cent. &c. will amount to _ 


nd. per Theoen Page 254 ; 7 722 


16 upon Ten Years hence, and this to continue Seven Tears, wail 


e , Amount eo} 
: 1 * 
n . 6 A. 1 x 7 


_ Theſe four Queſtions include all the Varieties buran the pas- 
about purchaſing Annuitiies.or Leaſes, &c. which are to be 


1s 


when the Pu is made. 

But ſugh Qyeſtions 6s — or a taking of Las, 
& c. in Rævetſion, muſt be parted or divided into two diſtinct 
each to be ſeparately conſidered by, itſelf (ſee Page 2 52. 

As in the following Examples. 

„Exarnple 1. Zuppoſe it were required to compute the preſent 


* 


„ Worth of 751, Yearly Rent, which is not to eommence gr be 


e entered upon, until Ten Years hence; and then to continue 


Tue Firſt Work in Mis Dpeſtien is, to to find what 751. per 


it 
were to be immediately entered upon: And to perform that, there 


en u = R=1,06. and . =". bee as in the 
50 Te ern, * 


Thu. NR FT = ae And 7548879305 —* 


| Nin be F 5" 
Then, R—j=0,06) ase ogg Cage. 4 e 
Anſwer to the firſt Part of the Queſtion. on . 


- Then the neut Work will be, 'toiffind what / Principal ur 
Here is given A=qzbibobg, = as. io. 


"Thus R. *=1,790847) 418,6783=4 ne 1 4 


| of the preſent W om of 751. per _; in Rev rſi an Fc. 


 was-Fequired.” - 


32 | 


Example a. What „ erte, Yeuly Rents be ce 5 I 


be purchaſed for 2331. 1 Benden Money, at 6 Cor 
c. Compaund Insel 4 4 PET 


= - Ad, 9 


In the 1ſt Wark of this . Fggag3, 788 
e And io (the Time which the e 


eee find A. per Theorem * age: er N 
n PN 233-7884 X 1790847 = == 4186785 = = 7 the 


Fo = Es 6783 R=Y,06: Andt'= (the Time that the- 
ps Annui is to be enjoyed) | to find u. Per Theorem 2. of this Seffion. 


0 ah. 
. » ä 
= 21 * wi 7 * 4 Py 4 * =, jr 


as wa 


* 


—— > « 


— — wremedy- * * — ——— — . * 


" 2 1 band's. 0 * * * 22 FR” Br, 4 
N N n - 4 _ \ 6 * E ä * 
Rox P * a — TY by. TE, 9 * _— y n e 
= 4 q l a . * * sf ' 
* F ? 6 E * — q 2 7 * A . 1 b AY 
: $4 x 5 2 2 8 1 8 
=, N * * "I. 
=. 1 


— — — 
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of 2 3 put to Intereſt Ten Years at'6 per 
of ug Br he the Second Work of the Queſtion there is 


RXR=418,678 X 1,5036zX1,06=667,3095 
FFF 1,90363=62965992 © 


= 
* x" 


RES OW op. . 


15 555 eee, 07s „„ 
- That is, 1 the Yearly Rent required by the in, F< 


- Theſe two/Examples of finding P and i do fully hew the Me- = = 


} 15 "the, that muſt be uſed in Reſolving the two general, and indeed, 


1 *. * 
2 | 
St Se. 


N _ 1. i 
L 2 
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1 he done for any Rate of Intereſt, by applying the Difference of 
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x n — ang 
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1 A 
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ab. 54m... n 


the moſt uſeful Queſtions about Annuities or Leaſes in Reverſion: 
And if there be Occaſion, either the Rate, er the Time, viz, R or 
, may be found by a dye Application of their reſpective Theorems. 


3 . done in che tro Jad Bom | 
te, about Annuities or Yearly Rents, &c. at 6 per Cent, may alſo | I 


r is the firſt Sali ofthis Chap . 
486 ter. _ "EP | 

: New .. "hy Rents and Annuities, &c. are uſually paid ei- 
ther by Quarterly or Halt Yearly Payments, and the Method of 
-" computing them by the Pen may be thought a little wn 2 ei 
4 have inſerted the following a e * 11. for 


4 | —E — 0 * F. ß —＋ * Invites off 
Mi f 11. at 6 per 1 51. at 6. per 1 * 1]. at 6 per 
Cent.  Com-| Cent. Com- Cent. Com- ; 
= | 8. pound Intereſt, = [- pound laereft, . 8 pound Intereſt, 
hp 1,0295630141 [a 1,3777875592 2141 8437995523 ; 
4 211,06 1211,4185191122 | 22] 1,8982985583 | 
3 1,0913367949 1311,4604548127 | . 2311954417985 3 
I. 41141236 |  14[1,5036302590 | . 24[2,0121964718 
Fl., 1568170026 15 5 c 25 fa, 0 16830644 
1 1,1910186 16 1,5938480745 | 162, 1329282601 3 
* } - 7112262260228 | 1711,6409670276 | 27 2,1959848 34 
5,6247695 f 1811,6894789589 | 28 [2,26090395 57 | 
92997995842]  1911,7394250493 | 2913277430912 
2 


. 2128478288  3012,3965581931 | 
| | Quar- 


2 # 
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4 8 "& 3 5 
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| 


Rate of Intereſt ; wo making * 4 or 4 of the Dey of the 


Either of theſe Tables may alſo be made. uſeful.for any propoſed 


Rate = = 2, &c. 


As for Inſtance, ſudpole 20% of the dforefaid Queſtions ae 


1} 


* 
- 


| Quarterly Amounts. | 
® Ot Amannts: of '1/. [©] Amounts of f.] duns 1 ! 
woe 6 per Cent. Af fat 6 per Cent. E 6 per Cent. 
7 z ee. Compound [5 3, Ke. 1 5 1 3 So. Compound 
1 * Interett, | 2 ntereſt: 12 Intereſt. | 
. R 7 5 K r 
4 x ren N. . 
f 11581877846 = 2x1) 13878624938 4111,8171263199 
21,029 56301410 227,3777875592 42] 18437905523 
3/1 [0446706634 2311,3980950019|. 43 1,8708460509 
4 1,06 24]! 4185791122] 44| 138982985583 
301075554 75 25]1:4393342435 | 45] . —.— 
6|r,09r3367949| | 26]1:4604548127 | 4679844179853 
- ' 1111073509032] - 27/1, 48888300 479830968140 
81,1236 281,50 36302590 48|2;0t01964718 
9 11400875335 29] 1-5256942978 49]2-0417231330 
1001, 1 56875 70026 301,54 o8aror 50 2,0716830644 
— —— — } — — 
ix 1,1737919574| 31 15707984203 512, 1020826228 
12 15191016 [ 32[1,5938480745 | 32 271329282601 
1301, 2084927856 5 16172359557 93 2,1642265211 5. 
1412262260228]: -34| 136409670276 een = 1 
157, 24421947480 35/1, 6950463253 hy ea, 
— — — — — —— — nr — — r 
161.2624769 ] 36] 16894789589 75% 48083955) 
4711,2810023527] 37/¼,7/ 142701334 5727294080113 
1681 259599545 381, 394250493 382,32774309 144 
19 1 8488728433 391, 7649491048 592, 361900034949 
201 1,3582255776 40 17908276965 | 60 23965581931 


Annuities or Rents, &c. re to ” computed at 8 Jr: Cent. per 

Annum. 
Then:1 ebook for 1 early 8 as beforet 

Coſequenth 2) 0,02-(0,01=x.for Half Year's Payments. 


* 
0 


Or 4)- o, oa (0,005 for Quarterly Payment. 
No theſe Values of x, although they are not. really-true, y 


q 


they may ſerve indifferentij well. for ſmall-Rents; as L have al- 


ready ſaid, Page 265. 
Then / 1,08=1,0392304845 &c. 


4 1,06 =, 9295630141 


9 = = 0,0096674704.= == for. 4 Yearly Poms; £4 | 
N | An 


But if-you would work exact; 


7 bo Table, Page 272. 


1 - „ ee Fan Ne Ch. 15. 4 
q * n "7 ou 3 — ho” „ | = 
1 * 3 Ss 7 2 815 72185 Ks) the Luft Table: 


| Then pere 00047524631 = x, for Quarterly Paymbnts. 
Theſe fre rue 22 872, which 7 g their 
teſpective Amounts 7 befote fot Tears, Nc) according as the 

18 . 2 requires, t 18 * will be the Anſwer at 8 per Cent. 

1 7% uke may de tor any other Rate, either. Greater 
% than 6, 

—_—  . | Now, althoug the Method uſed here (and | in Page 287 and 
=_ 58, &c } be 1 really trye (by which the Tables calculated only for 
| per Cent. are made effeQtual for all Rates of Compound Intereſt) 
- it as rather propoſed to ſhew what may poſſibly be perform- 

25 Pen without a great many Tubles of ſevera Rates, than 
— Nees PraNice. | 
Fot it muſt needs be corifeſs 25 that Tables; calculated on 7 

for any deſigned. te of Intereſt, are much more read 
aſeful in common PraQtice.. And therefore ſince the Leg Mn | 

Wer hath thought fit to reduce the Rate of Iatereſt, — hat 

5 it by an AR of Parfiament, at g per Cent. I've therefore 

deen at the Trouble (which war not a 2 ) to- calculate the fol- 
wing Tables for that Rate; but don't think it convenient to take 
the ables at 6 per Cent; out of the Book, becauſe the Examples 

5 are all ſuited to * and not only ſo, but they may be found 

Alſeful in che taking of Leaſes for Houſes, c. For in thoſe 

Cafes; the Purtbaſer is allowed more Intereſi for his purchaſe * 

than the commonyRage 1555 upon the 0 of _— 
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H follow New Tables of the n of one Pound at the 


Rate of 5; per Cent. per Aunum Compound Intereſt: Eo Tears 
Half Pars, Quarters, Meni bs, ANF Days. 12 | 7 
l 
— The Table of be T Amouhts Jt TFT. 
„ Amounts of | T g Amountyof | | || f Amopaty of | 
7 ode | [BF ade. | (PB ikke | 
Tho3=R EE 2713p 2 e 
AHI | 15 [2207 28 1276 2914 
31 157625=R3 3 2911613 3 
| e 117 e * 19 
— 18240661923] | 31 exons 
MY 1,34009564 | 19]4,52695619] | 32 4576494 | 
| 71149910042 '| | 2612,65329770| 330370 34 ; 
 $11,47743544 - | [TREES] | 341525334797 1 
 9[1:55132822 | | | 2112+79590259] | "3S15.g16015301 
 1011,62889g63 || 22 2-92526072] [=== 
— £2| |} 2313-07152375| | -36/$-79181613/ 
11]1,71033936 | | 241322509994} | 371608140694].  - 
121479585633 28 3538035494 381638547729], 
5 XI . e (670475135) 
: In Es 4.04 Uh T * 
8. II. The be Ja of the Half-Yearly Tai of 1 KC. 
= The =. Tie, | | = Tit. 
111 SI Amounts of ; || = Amounts of I Amounts of 
>. 14, &, [> ul & | [>| 1&6 | 
a, _— — 3 ö 3 * | 2 2 
11, 0246907 "pg 130779963 I 211166912030 
2]1,05 tees | 2211471033936 
311-97592953] 131193731 3940. 2317525763 
41, os * 141140710042] | 24179585633 
5412972632 | 15 144184887 . 1,8402051 
| 67,7628 | 1611443745544] | 261188564914 | 
711,18621264| 171151394132 [27193221539 
81,215 50625 1811,58132822 28197993160 
+ "911-24552327] 1 191158963838 292, 2882616 
* 127628156 204122288242 E 2 
N m. me. 
* 1 % * 8 


— Alg eh. : 


Wm. "The Tobl 85 the 2 Amounts of 1 Kc. 
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Ä The * 88 The + 
4 Amounts of | N | Amounts of | ; 4 Amounts of 'q 
eee, 
10122223 | -2i11529194439| ] 41þ1,64888480 
2,0246950 2211430779943 42] r, 6691 2031 
33727037 23323949] | 43168950414 
Altos | 24434299564] 4401033936 
175 16266585 + 8 135654161 . 125% 
0 107592983 n 73737884 46 8283632 
1889133890 27/7, 39004151] | | 47/,77408436 
801, 3335 | | 28,40% 10042 [ x&11,79585633] 
91,116030144 +| -29]1-424303869] | 4641,8178954 
|. 20]1-12972632] 35 1,4418488) 5058400513 
e ee e 
887 885580 31545984358 51 18879885 
14, 15 7625 [ 321477455444 : $241,88564914 
130171837644 | 33|1-49558712| 53/908 79027 
14118621264 341,51394132 a 54093221539 

15 .o fotz 351,53252076 [ 55/7,95892799 
— — — — — — — — 1 
-16|t,2r550625}- 30,5738 22 36797993760 

171123942323] 37/757036643 2 age 229780 
3 882853 = 381,5 8963838 2,2882616 

1911 N | 39! „60914680 $9 2,0372430 

20 127628156 E . I 62099403 l 60 207892818". 
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1 8 Amounts off 8 Amounts of |} is Amounts of 
en 66. | he 
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-— 41-0362 9550 Jo 8\ro3gofrect [tz __ 
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h 1,0001 336897225, Sc. (found . in Page 260) but in the 


following Table, I take only Nine 
ficient. in Pra 
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f thoſe Figures, as being ſuf= 


ce, for computing the Intereſ of any Sum not 
Hundred Millions of Pounds, - 
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L . * D T E. The Amount of e * one Day, is 
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Amounts of 2 Amounts of 
. 1 J. &c:; 
3 | xj 0407; 
| 1,0013368 1500482376 
21000267380 n | 
1 1>00040109 | L r,00509245] 
1500053483 1,005 22681 
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— © een 
1,0080235 150054955! 
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9,0120377 |}  44|1,00589888 
[300133761 : 1100603335 
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100227500]. 32 10069738140 87501169732 
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15004638947 log] 101413448 
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1289 1203938699 
.290 

291 120396649] 
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2941,04008191 
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| 3901130409 1642 
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1704 189086 
1,04203Z0r by 
1 042 16944 
t, 042308 70 
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1 04342397 
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39 
1I 35110480368 
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4 47104747664 
5 340 1504761666 
4.349, 104775671 
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1 1 think i it needleſs to ſw any Thing of the Uſe of theſe - Table | 
becauſe I take it for granted, that-whoeyer.underſtands the Work 
of the foregoing Examples, at 6 per Cent. cannot but know how | 
to make uſe of theſe Tables at 5 per Cent. as Occaſion requires. - 
Thus far concerning Annuities, or vo &c. that are Jimited 


by any aſſigned Time; and e ſuch that can be computed by 


'T beorems or certain Rules. However it may not perhaps be unac- 


" Teeptable, to itifert a btief Aecount of ſome Eflimates that have 
been 8 by two very ingenious Perſons, about the 


Proportion or Difference of Mens Lives, according 10 their ſe- 
veral Ages; which may be of good Uſe in computing the Value 
15 Atte, or taking of 20 7 for Lives, & . | 

Sir William Petty in his Diſcourſe. made before the 3 $ociety | 
(aun, 1674) concerning the Uſe of Duri ic ATE PROPORTION) 
in the Life of Man and its Duration; faith; that is found by 
Experience there ate more Perſons living of between 16 and 26 


/ Tears Old, than of another Age or Decade. of Years in the whole 


Life of Man (viz..70 or 80 Tears.) His Reaſon for that Aſſertion - 
* ball omit; but ſuppoſing it true, he thence infers, that the Rot / 
of every Number of Mets Ages under 16 (whoſe Root is. ) com- 
ared with the ſaid Number 4, doth. ſhew the Proportion of the 
Tcchbood of ſuch Mens reaching the Age of 70 Tears. 
As for Example, tis 4 Times more likely, that One of 16 Years 

- Old would live to 70, than. a New-Born Babe: : *Tis 3 Times - 


more likely, that One of 9 Years Old Mogi attain the Age of 70, 


than the ſaid Infant, &c. 
On the other Hand, tis 5 to 45 chat One of 25 Yate Old will 


| Jie before One of 16: And 6 to 5, that One of 36 will die before 


One of 25. And ſo on according to the Roots of any other de- 


lining Age, compared with (4, 6) the Root, of 21, which is the 
Year of Perfection according to the Senſe of our Law, and the 
| e for Whoſe Life a Leaſe is moſt valuable. 
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5 * mY * 8 0 4 6 
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vation. 


Seventeen Years Time. 


0 616. 
i * we ought to ac count it as a great 


d perhaps by many Years, that Period of Life whereat the: due 
9 5 Half of the vie Race of Mankind dee vot 2 5 


| - N k 
" 9 8 * 
- REM -0f Gb 1 


at OR Dodvr eg, My 


4 ingenious and 
Hal in Philo Tranfacf. Numb. 196) doth; with great In- 
235 xi 8 an Eſtimate of the Proportion of: Mens 


Lites from the Monthly Tables of the Births and Funerals in 
Breſlaw, the Capital ON ol the Province of Silgſia; or, ab the 
Germans call it, Scble Whence he proves that tis 80 to f, 4 
Perſon of 25 Years [will not die ina Year: That it is 54 to 1, 
that a Man of 40 will live 7 Years: That a Man of 30 Years Od 
"may reaſonably expect to live 27 or 28 Years, e.. 


| Now from theſe and the like Propertions' (he juſtly infers) . ; 
the Price of Inſurance upon Lives 2 oy to be regulated, there be- 


ing a great Difference between the Life of a Man of 20, and one 


of 50. For Example: *Tis 100 to 1, that a Man of 20 dies not 


ina Year, and but 38 to x, for a Man of 50 Years of Age: And : 
upon _m alſo depends the Valuation of *Annuities for Lives: fr 
It is . ain, that the Purchaſer ought to Jay only ſuch a Rt ß © 


alue of any Annuity, as he hath Chances that he is living. 
— for that Purpoſe he hath taken the Pains (which was net 
a little) to compute the following Table (that ſhews the vine of 
| Annuities) for every Fifth Year of Age way e 
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1 <A 


. D ear r Fureh. iT ear*s Purch. } 
| „ 127 0 gan 
11472 f 55 8,51”, 
111%; 60 760 
10,57 65 6,54 | 
224 LA 32 | 
The ns] ingenious Gentleman 8 on, and ſhews how to 


8 or find the Value of To Lives, and then of Three Lives, 


Which being too long a Diſcourſe to be recited here, I have, ſor 
and ſhall ay add this ſerious Obſer- | 


+ Brevity? Sake, omitted it; 


Vix. How unjuſtly we repine at the Shortneſs of our Giver, 


40d think ourſelves wrong'd if we attain not to O/d Age; where- 


as it appears, that the One Half. of thoſe, that are Born, die in 


For by the aforeſaid Bills of Mortality 
at Breſlaw, it was found, that 1238 were in that Time reduced 
So that, inſtead of murmuri 
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Compound Tmereſt. 


is grounded 
* ben continually decreaſing, ad Inſinitum. 


1 rab ot Real Eſtates, are foppoled to be rebate 
A or bought to continue for ever (viz. without any limited 


me); therefote the Buſineſs of computing the true Value of ſuch 
upon a Rank of Series of Geometrical >, ag 


Thus, let P, u, R, denote the dame Data as in the 


aft Seflion, Then the Series v will be, * = 


1 


ix. 4 be the Sum of all the" Autterdent- And P — 


| will ve the Sum of all the Conſequents ; therefore it : will be 
1 5 1 : LE 


* u | 
R R FI | 
2< until the laft Term 0. Then will £0: 


*. 
RF. | 
. 
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Which produces PR—u=P, = 


R. R 3 
. 75 5 The * . BRODY Tl beotemt, 3 
. as nf tos Fi” 48 Bf, 8 1 ik 


. 6 - Suppoſe" a F Ws ” of. 751. Yearly ak 
.. * were to be ſold; What is it worth, allowing 
Cent. &c. Compound Intereſt for his Money?” 


the. Buyer 6 per 


* 


uin his Queſtion there is given u = 75 K = 1,06 to find Py 
Per Tbeorem 2. Thus R 1 = 0,06) 75 = (1280l. =P” 


the Anſwer required. And ſo on for any of the reſt, as Occaſion 
requires. 


© Half Yearly Payments ; 


Then R= 1,06 for Half Yearly 
And | 
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berg 


5 «KF , 


" that; it is needleſs to inſert more Exam ple. 


But if the Rent is to be paid, EY by Rear ery or 


} Payment at 6 er Cent 


4. * 


N V1 06 for Quarter 
| „ 5 


R= =1/ 08 for Ha Yearly 
Ru: * 10 ſor Quarterly 


Payment at 8 fer Cent. 


+. The like is to be underſtood for any other propoſed Rate of l. | 


„ Either greater or lefs than 6 per Cent. 
Application of theſe: Theorems to Pra Aice is 
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Keel 8 5 of Lins and 1 | th mo 0 I 


| Porn hath no Paris: at is, a Grimetrical Pliny 15 

* not any Quantity, but only an 75 able Place in any 
D Quantity, denoted by a Paint : 1 „„ of ni? 
5 at A. and B. ; 3 
Such a Place may be conceived ſo infinitely ſmall, _ as ta be God of + 

' Length, Breadth, and Thickneſs 73 and e ore. @ Point may be 


faid to have no Parts. 

2. A Lixs is called a Qpantity of one Wimen/ien, becauſe ſt 
may have any ſuppoſed Length, but no Breadih nor Thickneſs, © 
being made or repreſented to the Eye, by the Motion of a Pin, 

. That is, if the Point at A, be moved (upon the ſame Plane) to 
the Point at B, it will deſcribe 2 Line either r: ght or circular (viz. 


A 


'Therefore the Ends or Limits of a Line are Points. 
3-ARicnt LI, is that Line which lieth even or freight 


Fs thoſe Points that limit its Length, being the kad Line 

that can be drawn between any Two . RB 

Paine: As the Line A B. e n 
Therefore, Fetayeen Py two 9 there can lie or be drawn but 


one ri gb. Line. 
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ing infinitely extended (upon the ſame 
Plane) will never meet; As the Lines 
AB anda b; or C D and ed. 


Lines ſtand, nearer or 
each other, the Angle is ſaid to be 
lleſſer or greater, whether the Lines 4 ; 
that include the Angle belong e 
* That is, the Lines A d, ang 
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ate various Sorts; but thoſe of the 
 Circle,Parabola, Ellipſo, and Hyper- 


bola ate of moſt general Uſe in Geamery, 05 which a particular 
92 Account ſhall be given further on. : 


#1 Piks aber, "ESO k are thoſe 


"he 8 Cn Jig RS or ora Line that which 
"lies betiding between thoſe \Points 

* which limit ts Length, as the Lines a 
Dor FG, c. . 
Nie theſe Kinds 4 "Wa there 2 


that lie equally diſtant from one another rn 


in all their Parts,viz. ſuch Lines as ba · 4.— 
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6. LiNzs not PARALIEL, Wanne ber. leaning) one 
| Fave a another, whether they are | 
\ Right Lines, or Circular Linet, wil! 
ff they are extended) meet, and 4 
make an An gle; the Point hene x 
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they meet is called the Angular Pojnt, 
as at 4. And dg as ſuch: 
rther off 5 


"Af include the ſame Angle as A5 
9 4 Udo; notw! 


Spberical Ang les. But all 
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5 Rich Anda. | 
e An Os rusz ANGLE." 
An AcUTE ANGLE. 
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anding that 4 B is longer thaas 4d, be. 


ngles, whether Right-lined/ or Pberi 
22 e nu under one of theſe Three Denominations, ; 
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7 All Ant bed e Right Lines are called Right- 
554 Angles; and thoſe in 5 5 between Circular Lines are called 


8. A Mas ANGLE 1s that which / is included bernite Two 


e Nag met one e an, * 
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That is, when a Right Line, as 
D C, meets with another Rigbi- 
Line, as AB, ſo directly as that it 


Chaps "BY "Of pc 


cm 
1 4 
SD. 2 4 
— w=_- 
9 v _ 
* 


neither inclines nor declines to one 


Side more than the other, but 
oy the Angles on both Sides of 
it equal, as at x *; then are thoſe 
We called Right Angles; and. 
the Lines ſo meeting are ſaid to be 
Perpendicular to each other. 
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That is, AC, and CB, are eve a vel es A 


D, Cis to either or both of hem. 


9. An OnTuss Andi! is that which is great than) A ng 


Aigle. Such is the Angle included 
between the Lines AC and CB. 


10. An Acuvz ANGLE is/that ORE. D 


which is leſs than a Right Angle. 


As the Angle included between the Lines CB and. CD. a 


Cw Two » Angler are re generally called or ll. * . 3 


$48. 2. Of a Circus, De. 
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EFO RE a Cirele and its Parts ace defined, it will 655 con- 1 | 
venient to give a brief Account of Superficies in general.” 1 
1. A SUPERFICIES.or SURFACE is the Upper, or very Out - 88 


ſide of any viſible Thing. But by Superficies in GEOMETRY, 
meant only ſo much of the Out-ſide of any Thing as is indole 
within a Line or Lines, according to the Form or Figure of the 
Thing deſigned ; and it is produced or formed by the Motion of a 
Line, as a Line is deſcribed by the Motion of a Point; thus: 


Suppoſe the Line AB were equally 
moved (upon the ſame Plane) to CD; 


% * 


then will the Points at A and B de- ; 


{ſcribe the two Lines. AC and BD; 
and by ſo doing they will form and - 


incloſe) the SuyzRFICiEs or Figure A BCD, being a 
7 Tus Dimenſions, viz. it hath Length and Breagth, © but not 


Ines. ” * 


hicknefs. . 3 the Mound, or * of a Super fieies ar art 2 4 
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2. A res i is a plain re Rt whoſe Area is bounded | 


12 5 * . ba . 
me boek, 2 Pius, is ul ld, Anza. - 


4.8 po a 7 limited by one continued Lins, called the CixeuMeERENCE 
WE 7 of the Circle; which, may. is thus Aeſerided er 
1 * r 

0 | I -puppole a Right 2 As CB, to have one e of is + Evirean 
11 1 brite, as C, ſo fixed upon any cM ge as * 

. * the other Point at B may move about it; then 

n i the Point at B be moved round about "(upon F. 

1 the ſame Plane) it will deſcribe a Line equal} 

444.3 giſtant i in all its Parts from the Paint C, Which 
de the Circumference or Feripbery 'of that 

11.3 ” Circle; the Point C, will be its CxnTzR, and 

196 the contained Space will be its. Area, and the Right Line Cc '* by 
f I} 4: 3 g 1 aobich the Circle is thus deſcribed, is __ ws: 
is 4 = 2 | n 


1 wes = i Boi Pente it is e that an infinite W of Right 
iii may be drawn from the Center of any Circle to 
1 e touch its 8 which will be all equal to one another, be- 
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= « will be eaſy to conceive, that no more than two 5 Right 
4% "7s Lines can be drawn from any Point within a Circ e to touch 
+ 8 2 its Periphery, but from the Center o | 

| = 3. Cava CircLEs are thoſe which EA equal Radius 83 
for it is loin by the laſt Definition, that one and the ſame Ra- 
Aus (at 1 — needs nne res ow, how e c 


3555 be. 2 
AG | ** The D 4 a Girele; i re ice My 
| "in Radius joined into one Right Line + 
as AB drawn through the Center C, 
. 25 ending at the Feriphery on each 
1 . nas, the Diameter Givides the cr 
2 Y 2 in n equal: A | g 


_ - „ * TY FER Hale a a IP is a Fighte included "be. 
_— tween the Diameter, and Half the ALON: © cut off 5 Bl. 
= NF 5, ; as A © Bert? © 
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4 half the Semicitcle,' is the Meaſure of 


| the Circle, and that Arch of its Peri- 


ute of the Angie at C included berwixt 
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"RO IT \ 
5 | . 


N N is half à Semicircle, ' VIZ, one Quins of 3 * 
Circle; and it is made by the Radius | 68 — 
as DC ſtanding Perpendicular upon the "oy 
James of the Center C, cutting the 
Peripbery of the Semicirclæe i th the Middle, 
as at D. Therefore a Quadrant, of # 


py 
bx 
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« Right Angle. 


7. A Cnozp Lans, eB WW 3 
of an Arch, is any Nigbt Line that cuts e 


the Circle into two unequal Parts, as the Line 8 Ez wo is "m__ _ 
leſs than the Diameter. * * 


8. A SEGMENT of a Circle, is a Figure- included betwixt'the » © 
Chord and that Arch of the Peripbery which is cut off by the - 


Chord And it may either be greater or leſs than a Semicirele; as n 
the Figure. SD G, or S MG. - 


9. A SzcToR 1s a Figure included between Two Sadie of 
* W- 


22 where hey touch, as the Figure 
ACB: And the Arch AB; is the Meg- 


82 Radiuss AC. and B C. 


4 
Nets e All Angles of SeQtors are % * 
« 44 Angles at the Center of a Circle. . 


id. An Ancuz i in the Segment of a Cirel is that which i is -ins 2 2 25 
cluded between Two Chords that flow frotn one and the ſame Pont 
in the Periphery, as at D, and meet with the Ends of another Ch 
Line, as at F and G. 

That is, the Angles at D, at F and at G, are called Angles. it 
the ee or Angles Maag on the en of a N * AS 


Sed. 3. Of Traber ks, „ e " 


% There are two Kinds of Triangles, viz. Plain and Sphere 
*, but I ſhall not give any Definition of the Spherical, becauſe, 
« they more immediately relate to Aſtronomy.” I: 
1. A PLain TRIANGLE is a Figure whoſe Area is contained 
. within the Limits. of Three | Right Lines called Sides, = 


Three Angles . And it may be divided, and . its ee 
according to its S or * . 
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4 As As nr l D ans 
bs that which uh <a gz Sides 
equal; as the Figure 6 ld hh 
"min AB=B _ {Ky a6 

An 1 e 1s that 

Fg - which hath only Tuo of its Sides equal, as the | - © 

— * Figure BDG: That is, BD=DG; but the - 

Third Side B & may be either grower or . 


. . . 
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A A TRIANGLE, is 
1 Which hath all its Three Sides 
unequal; _ 

bebe as the Figure 8 
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as 24. By i its en 


F. A eee VEE e 4 
that which hath one Right Angle; that — - SOS” 
i, when Two of its Sides are Per pen- RY N. : 

> dicular to each other, as CA is ſup- 
"xo to - to —_ — 2 the 
3 is a Right ngle, 
. n. 8. 8. 1. * Bs. | 
Note, The longeſt Side of every Right-angled Triangle * 
i a | * 9 75 is called the — and the longeſt of the other Two 
1 = Sides which include the Right Angle (as B A) is called the Baſe : 
or 5 4 ThE third Side (as. C4) | is called the Cathetus 'of Perpondicu- 
ww ar 
. 6. An Oxrusr, AND Triangle, is that which hath one of 
„ Angle: Obtitfe, and tis called an Aublygonium en e Such 
5 * the third Triangle HRM. 
. An Acu ran ED Triangle, is that which hath all its 
A les Acute, and tis called an Oxygonium Trine; ſuch are the 
2 firſt and ſecond Triangles ABC, and B DG. 
Note, All Triangles that have not a Right W ether they 
* are Acute gt _ are in general — c ee 
„„ | | „ gles, 
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bp. Hngles A, B, C, D are all equal, | 


Alicular froru any Angle Up the 
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10 without any other Diſtinchon, een . 
« off every Oblique Triangle is _ * ihe __ , 
« the other tWoare only called 3 1 
The ALTrrups or Hsieh of eee, 
Plain Triangle, is thè Length fa 
er Line. let 3 roy * 
of its Angles, upon the -Si e oppoſite 
foto ag l from whence it falls; and 
either witt in, or without the 
7576 le, A8 Occaſion r equires, being de- = 
y the Two a Lint id the 
aro enen « 97 OR 
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Ne 8. „ Geese Prov, 95 . 
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1. a is a plain r e Fiure, 
"0D Are is Yomined by Four * — Sider al 
lor ons do another. 


t is, when 4 Cb 


then WY e ee * 


Figure is that which! th 1 our eq e 
Sid, dn e cf Angle {ne to 
A us is a Sg | . 
r:Fbt Poſition, as the annere Figure, er . 925. 


4 Ager er or. er 8 ee — a -=Y 
blong, or long $ uare) B 

is a Figure that hath four Right. | f 
angles and its tun oppoſite Sides, 
2 wiz. B C=HD= and BH , 
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4 A We is an Oblique-angled Peralith ran; that 
OY it is a Parallelogram moved out of ' — 


A right Fei * the ee 


. 0 f a FEY 
5. The SF wy D or Height of any Oben pores . 
2 vie. cher of the Rhombur or 7 | 
 Rhomboides, is a Right line let fan pe 4 WA I 


poſite to that Angle; and may r 6K — - 
within or without the Figure: As the pricÞd . the mere. "= 
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223 to its ; oppoſite. diight, is called a Dia6o a Line, 19 10 
the Area of the Figure into two. e, being denoted by ** 


35 equal, ſtanding at equal Angles, and is named according to the Num- 


25 1s, their Angular. Points, how many ſoever they have, will 


; es e a Figute, or 
ale ec ung and Ac dach Kd of e POR. 


41 1 N Gi wil * * a 
A en thoſe wel menen, 38 ws 
is called a TRAPIZZI Uu... e 23 
| 18, when | it has neither e. 


An 
Ml BED: ite wh Tm 9 


N FR any Angle in in a Four-fide " 3 57 


Lin- C in the laſt Figure, * 


4 8. All Right-lin'd Figures, 1 * have more than "a: Sides, ae 
ealled Polygons, whether they be regular or irregular, 


9. A'RE6&uLiar Prox is that which. hath all its Sides 
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ber of its Sides (or Angler). That is, if it have five equal Sides, it 
is called a PxH DN if fix equal Sides; it is calld a 99 alGoN ; ; 
ba ſeven, 1 it is q HzPTAG ON; 1 eight, tis anderen * 

| KIRIN a 
Nute, 65 Al regular Polygons may be inſeribed i in a Circle; that 


4 411 juſt touch"the Circle's Peripher * 


10. An IxRECVLAR Bo gon is that. Figure which hath 
1 ſtan bY at ynequal .. a" 


for a 44 <p> | 


there are infinite Mes but they may 
= 5 reduced to 2 r Figures by draw- 
iagona] Lines an as thall by 


Mod aer Oe e e ee 


ee Tan un 4 OY 6 "To 7% 


cle are FE * general and uſeful bead that concern 


©. Plaine or — S. r 


UN 5 Ag for thoſe. which. relate to Sulide; 1 1hought it it colvenient: to 
t giving any Ancount of them in this Place, becauſe they 
' would rather puzzle and amuſe the Learner, than improve him, 
until. he has gained a competent Knowledge in the moſt uſeful 
1 M_ concerning Syperficies; for then thoſe Definitions may 
be more-ealily underſtood, and will;help them to form a clearer 
Idea of their reſpective Solide, than it is poſſible to conceive of 
them before; and therefore have n theſe: . «ti 
ul we e Finn Fil. 1 ks 
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TH 0 10 


£ #4 x x; 8 4 * wt * 4 1 - 
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| L. Note, by DON S TR AT IO x is'underſtood the higheſt De- 


„Definitions, viz. Not to reſt fatisfied with a bare Remembrance 
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7 Hatſoever is 'ptopoſed. in Geometry. will 12 — or- 
LEM of a "THEOREM, 
on which Euclid includes in the general Term of esd. 3 
_ AProBLEMis that which propoſes ſomething to be done, and 
2 more immediately to practical than ſpeculative Geometry ; 


That is, tis generally of. ſuch a Nature, as to be performed by * I 
ſome known or commonly received Rules, without any Regard ＋ 1 | 


to their Inventions or Demonſtrations. 


A Turo 18 when any commonly received Rule, or any oo | 
Propoſition is required to be demonſtrated, that ſo it tnay from 

thence forward become a certain Rule, to be relied upon in Prac- | 
tice when Occaſion requires it. And therefore ſeveral Rules are 4 


often called Theorems, by which Operations 1 in Arithmetic, and 
Concluſions in Geometry, are performed, 


« gree of Proof that human Reaſon is capable of attammy to, bß/ßʒ7/ 
« a Train of Arguments deduced or drawn from ſuch plain Axi- 
«« oms, and other Self-evident Truths, as cannot be denied by 
« any one that conſiders them.“ | 


A CoroLLAry, of CONSECTARY) i ſome Conſequent' 7 0h - 
An or gained from any Demonſtration. 

ALMA is the Demonſtration of ſome' Premiſes laid e. or PS 
propoſed as preparative to obviate and ſhorten the "Ira of the | 
Theorem under Conſideration, 


A Schone is a brief Commentan ef Obſervation made =, 
ſome An Diſcourſe. E. 


: * 8 "Y * © 
N. B. 4 1 adviſe the Yoon 1 to be very 2 in the 


* of them; but, that he endeavour to gain a clear Idea or Under- 
% ſtanding of the T hings defined; and for that Reaſon I have 
been fuller in every Definition than is uſual. 
And, that he may know from whenee moſt of the following 
« Problems and Theorems contained in the two next Chapzeſs are = 
4% eollefed; 1 have all along cited the Pri lion *6d Book of Po 5d 
< Euclid's Elements where they may be found. 
* As for Inſtance ; at Problem 1. there is (3. e. 1 L ſhews 
« that it is the Third Propoſition”in Fuclid's Firſt Book. The | 
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They Fr Ress — and —— — 
3 PlaiyOromuerry. 


; IN. thr the following Problems, the yi Geo- 
N 1 - meter 90g be provided wsth 4 thin ſtreitzht R ler, made 
4 « either of phy Box-wood, and two Pair of very good Com- 
be”; Ks VIZ, one Pair called Three-pointed Compaſſes, be- 
1 2 ing ve uſeful for drawing of Figures. or Schemes, either 
oe Black Lead or Ink; and one Pair of plam r 
= © with very fine Points, to meaſure and ſet off Diſtances ; alſo he 
e would bave a very good Steel DEG ns And then he may 
© proceed to the ork with this Caution; that he ought to make 
3 Finaſelf Maſter of one Problem before he undertakes the next : 
. That is, he ought to underſtand the Deſign, and, as far as he 
& can, the Reaſon of every Problem, as well as how to do it; and 
| „then a little Practice will render them a ng 7 being all 
"Of. 15 W Peoftulates 


* jos 


. 8 


+ 33 PoerbrArxs or Peririons. 
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1. That a Right-line 6nd drawn from auh one given Teint 
wo 0 | 


2. That a Eisbein. may e encaſed, or made 
longer from either of its Ends. 


3. That upon any given Point (or Center) wed with a * 
. (viz. with an Raios) aCircle may r W 
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PROBLEM L 
= 22 tg gt od ae, 


G 19 
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[Let the given Liner be {7 C == ct 


Make the sel Lie, as 4 ne] 
CB, Radius, and with NM. 4+ "a 8 


ſcribe a Cirele: Ftom its Center 
C et off the other Line AC, and 
8 ien ACB with a Right*line. 


hen — og ade, ad AD e-, as was 


RO. 


* * * * 


W * 


* Line 1B in "the Middle, at C; 


curred. Ai. . A ro 4.615 


. at D; then the Print: C and D 0 
the $< 4B, 


wu the ſame Radius deſcribe. the 


fd; that Þ, ake the 4 * 25 
. the 4 e A 


1 * 
” PROBUYETM 


ps i. 
To bs —— ws) int mY — 


Paris (10. e. 1). 


From bech Eos ef the given th (tint) r 
Radius greater than half its 8 244 oy 
deſcribe. Two Arcbes that may ? j 

wy Ki in two Points, as at 


thoſe ' Points DF —- 8 14 | 
Ok "Ris 11 le and it will e Ii 


it * as E * 0 


3 PROBLEM m. * 5 


EN SITE WD into two equal Anglts, ( U : 


the Augular F t ent ie, 
* 1 8 en e 4 d 


thoſe Point A and B, deſcribe 
equal Arches croſſing each de 5 X 


with a Right-line, and it will Ü 
and er h Ne 
z e ä Ys . : 


PROBLEM IV. 


4 in a Rigi. ius given 4 B, 10 make « Righlif 
Angle equal to a Rigbt-lin'd Angle "ow C. (23. & by; 


Upon the given Paint C 3 
deſcribe an Arcb, as FD, (makipg: 
CD any Radius. at Pleciurg and 


like Arch upon the given Pant A, 


om 1he Points 4 and } with e, 01 wil {rm tho 
Angle required, | 
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« * 1 * v 
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* # - aut 5 
" | 6 ey % bo 
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=_ Ts 7. 0 * HE: 4 Right oy ne, as F FD. 3 0 4 oa Right-line 
= 4 "WB, that ball mY 0/2: =; rn See at 
o Diftnce required. (3. e. 1. 5 


Tie any ient Point in the Line, g. 
=_ 5 flarther off x nay better ;) make wow —4 a i 
_ Cx Radius, and with it upon | 
—_  . the Point C, deſcribe a Semi- 
| Abe, 9 M ys N; _ Wo 
—_ Sed x N; 1 5 — Points M -\ TH e 4% V. 12 
=_ 3 and i will be parole tothe 
=_ —_ as Was 1 2 . ; 


\ * 3 2 1 : a 5 Y 
P <2 «Aa. . * 4 5 . 
bs [os " C 4 * 
1 PROBLEM 1 - | 
1 a 
: * 
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Ar 


=—_ - ow anf 2 Point that i is not in it; as 22 & 612. e. 79 | 


a Upon the given Point c deſcribe fuch. an eb of! 4 Cirele 5 
„ 1 the given Line 4B in two © e 

_ Points; as at d and /; Then bifect 5 

die Dance between thoſe two Flint Ky 

/ (per Probl. 2.) as at x. DraW 

wie Fight. line Cx, and it will he! the. 
en required. © 4 


_—— PROBLEM vn. 
—_.-. f , M Au N | . 

Ts Py or * a Perpendicular upon the 5 „ 

= 1 as a" af As er . en Freud - >. 

1 11. e. 1 * 


. Upon any Paint "IM an — out fel abe given 
, as. at C, deſcribe ſuch a, C ir- "I D 
cle as will paſs through the Point + 1 £ LY, 
from whence the Perpendicular muſt | 
1 be raiſed, as at B, (viz. make C? 
= Radius): And from the Point wheygjg. © „ 
dhe Circle cuts the given Lin | bp 
draw the Circles Diameter A i 
3; chen from the Point r | 
i" Y 1 draw the Right-line DB, and it will r 7 
41 png was * TP f 
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At ee e ofthe given Line, as at 4 and 
— oY Ne equal Angles: (by | Py o 
beine their Sides | 


Fs Cto whey; ſufficient + 
then upon thoſe Sides, 


beginning at the Points # ant 
B, ed Number | 
of equal Parts -( (/uppoſe- em 5.) - 

If Right-lines be "croſs 
Mit mt _— = | \ % 
to the ot AS in the annex | 
Figure, thoſe Lines will divide the given Line "AB into the 7 


Kr of equal Parts roquenth N e 
N PROBLEM - 


given, not lying in a Rite, as at the Pains ABD. 


Join the Points AB and B D with cipher then, 1 
both thoſe Lines (per Problem a.) he „ 
Point where the biſecting Lines meet, * 
as at C, will be the Center of the Cirele 


| n e 
17777. 
The Work of this Problem being well! 


" onderſives; it will be eafy to perform the 21% 
e following, without ** e vir * " D** 


e the Center of any Girl itn: (1, 30 


By thelaſtProblem it is p lain, that if three Points be 227 where 
Po in the given Crrcle's Peripbe = as at * B, Pac geek 


> wood Circle may be found as | 
. Segment, of any Arg by 
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"This may be done by lng — three Pont in the given 
Fonda Arch, and then aft nk" as $ before, - * 


* 
* | 7 RK 0. 
{ => 
* 1 * Ke - Ya 
} : * IS - * 
. "*. oy 8 . 
* Ny 3 dy : 
9 
: » an I 


To deſeribe*a Circle that ſhall paſs (or cut) th/eugh av thee N 


* 


* * * 
? 9 N Y 
* . * SOT i / 4 
, q : * 
"x , 4 b l * 
11 of 
$ | 
* " 
N 1 
* 
5 u . 
n : f * 
” 
1 1 


bro . 


"Ups lie 27 5 ar AB, to cribe an Ejuilateral Tri. 
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| _e he given U. Radius, and | 
"with if were ene 
„ Ends, as at A and B, deſcribe an 
Arch, viz. AC and BE; chen join. 
the Points AC and BC with Ty 
Liner, and 2 U 0 t Triangle Fi .4 * 
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-. -- +, that being done, make the given Line 

Kadius, and upon the Points 4 andiD- 
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PROBLEM x 


ri- | x OD 
* Ts unequal Right-lines 441 given, to "fiew 4 4. o 1 . 
age, Pabel TG 
W — 9 

Lade give Lines be hg br | „ 
= Upon one End of the 7 32 
8 Line, as at B, ere& 
a cular of the ſame 14 5 

the ſhorteft Line B'C; Wen from 


the Point C draw a L Parallel, ard = the kh LACS: th * 
AB; viz. make DC 8B : Pall DA with a 3 2 FM 


it will form the Oblong Aeg fol. required +, 


As = Rhombus?s 5 and Rhimboider's, to wit, Obli = Pas ; 
rallelograms, _ are made, or deſctibed, after the ſame Man- 
ner with the two laſt Figures; only inſtead of ereQung the Per- 
pendiculars, you muſt: ſet off their given Angles, and then pros: 1 
ceed to draw their Sides parallel, Oe. Wr 200 K 1 3 
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nE N 


In any ar: pt ven, Croley to inſerite of; wald 4 Triangle, heh _ 


equal tothe Hnples of a ove une as the Triangle 
759 6. e F | 


1 A gps is mid to. Yo inkeribed in 
6 Circle, when all the Angular Points of that MEN jo row 
ee the Circle's Periphery. 
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"Draw any Right-line (ﬆ T1 ſo as 1 to - wich the c 1 
as at A; then make the 5 H A £& 
K4C equal to any one An- 18 5 | » 
* the :_w Triangle, 25. 

the Angle H AB \\ 
equal G another Angle of the 
nangle, as DGF; then will 
the Angle B A be equal to 
the Angle F D'G, Join the 
Points B and C wich a Right- 
nine, and "twill form the * 
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| UY given „ Triangle as ABD, 40 deſeribe a- Oral tat fell 
. 8 a7 fouch all its Siger. 7 e. 4) 
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Biſect any tro Ange of. the. 8 
Triangle, as 7 and B, and wh 8 pk 
ite biſcQing Lines meet (as at 
= 585 will de the Center of the Cir- "= 425 
d4le required; and its Radius will 
1 be the netteſt Diſtance to the 2 
* Sides of the 3 53 85 N 
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"This Problem i is performed in all Ref peQs like the, Ninth, viz · 


where thoſe biſecting Lines N will 5 the Center of GE; Cir- 
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3 1 PROBLEM XVI. | 
2 Jo deſcribe a Square about any given Circle. (J. e. * 


raw two Diameters in the given F E 
Circle (as D 4508 EB) eroſſing at 
Right the Center C; Ka 
_— with the Circles Radius CA, deſcribe £ 
_ from the extream Points of thoſe Dia- 
meters, viz. A, B, D, E, croſs Arches,” 
as at E, E, H, K; then Join thoſe | | 
__ Fmt; where the Arches croſs Wẽitnknk 2 
2 2 3 and they will Wag the B+ 2.K 


go $4 * 8 


8 hey | 
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In any [given ar, to Kat 4 te largeſt len. it can rentals 
Jae. e. 4) 


Having dra 


other at Right-angles in the Center C, (as in the laſt Scheme); 
| 33 " then join the Points 4, B, C, and E, with Right-lines, viz. 
nl 3 que. DE, "oh and they 7 e * * 1 
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rn o. 


by biſecting any two Sides of the gwen Triangle; the Point, | 
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wa, the Diameters, as DA and E B, biſeQing ch. 
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U any given Right-in as 4 B, to deſcribe a regular bes, A 
pan or Five-ded ge f 933 


Make the given Line Radius, and N * 7 End: & it 4. 8 {47 
ſcribe a Circle ; and through thoſe | 

Points where the Circles croſs each * 
other (as at G.x) draw the Right- 
line & e * Upon the Point V with 
the ſame Radius deſcribe the Arch 
H AeB D, and laying a Ruler upon 
the Points D, e, mark where it creſſes 
the other Circle, as at F, Apain, 
lay the Ruler upon the Points H, e, 
and mark where it criſſes the other 
Circle, as at C: Then from the by 
Points F and C (with the ſame Ra- 1 

_ dius as before) deſcribe croſs* Arches, as at K. Je the F 
AF, FK, KC, and CB, with t-lines, and they 

the Pentagemvequired, AF=Fxk=KC=CB=AB; and 
the __ at (ths B, F will be | o& 85+ 
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PROBLEM XX® | 
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5 e given Gireles to Jeſcribea a regular Pentag on. 
N 1 3) 
Or, in general Terms, to &eſerits any. regulaf e circle 


Draw the Circle's Diameter D 4, and divide it in inte, os . 
equal Parts as the, propoſed Polygon hach 
Sides; then niake the whole "Diameter 
a Radius, and deſcribe the two Arches 
 CAand'CD. If a Right-line be drawn 
from the Point C, through the ſecond 

of thoſe equal Paris in the Diameter, as 
at 25 it will aſſign a Point in the oppoſite D | 
Semicircle's Peripbery, as at B. Join D 
with a Right-line, 7 it 2 be the Side 
* _ 3 required. 
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75 Theſe twenty Problems are -fallicient to — the young 
. PraQtitioner, and bring his Hand to the right nagement of a 


Ruler and Compaſſes wherem I wopld adviſe him to be very rea- 
dy and exact. Nei, * £5.11: 


at each Problem, that, I preſume, will fully and clear y Appear 
from the following Theorems; and thereſbre I have (or Brevity's 


doing them only, until he bath fully conſideted the Contents of 


15 the next Chapter ; and then I doubt not but all will Meet? ver fy 


| ns nc 
\ i 2 
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4 Collection of the moſt uſeful Tu wor BMs in plain. Gromelry 
l ers EMONST RATE. Tos, 


wer, In order to ſhorten ſeveral of the following pan freun, 
. it will be neceſſary to prenaje, that 


| Von * Peri ber (or Circumference of ay Circle 6 
Dh 975 great or ſmall)” is ſuppoſed to be divided into 360 


equal peo called Degrees; and every one of thoſe 2 89 5 are 
3 into 60 equal Tanne Lalled Minutes, & c. 


* 


22. "All Angles are ſacl by the __ of a Circle deſcribed 
1 upon the angular Point (See Defin. 9. Page 287.) and are eſleem- 
ed greater or leſs, 3 to 15 Number of He con- 


nained in chat Arch. 


BY A wadrant, or ira of My Circle,! is always 20 
e zeing the Meaſure of a Right-angle (Defin. 6. p. 267 ) 
and a Semicircie is 180 Degrees, bring the Cer ore One 


Is ; mn _ 


— . 
- . 5 
it 3 


4 ae, of a rel, or of equal C es, 16 0 8252 
e alt et 


* * « 


| (which There ſuppoſe the Reader to be very well acquainted with) 


it will be convernent to underſtand theſe, following, which 15 
wei — where the other _—_ | 


RO 


| As ic the Reaſon a ſuch Lines muſt be fo drawn as direQed 


Sate) omitted giving any Demonſtration of them in this Chapter, 
1 defiring the Learner to be ſatisfied wich the bate Knowledge of 


To thoſe five See Axiom: already laid down i Page bs 


Arion. ä 


g THI its . 7 5. 5 op g 4 ' Miz wn : 8 { . . | | 
a „„ , 
1 ' 5 4 | N t, 8 n 
0 5. Every whole Thing is GR rA TIR than its Par. 
d That is, the whole Line 4B 0 $5 Hs 4 Se EIS 
= reater than its Part Ae, & c. 1 {m——————_—: 
1 The fame is to be underſtood of Superficies's and Solid. 
9 a 9 e | 91 | 1 " | 4 ” e * 
* 6. Every whole is Eau to all its Pax rs taken togethet. 
f That is, the whole Line AB is 3 eee 
y to its Parts AC + cd + de + eB, #--4 |. — | =þ+—8-4: 
he ſame is alſo true in Superficrer's and Solide. 
4 7. Thoſe Things which; being laid one upon another, do agree 


or meet in all their Parts, are equal one to the other. 
But the Converſe of this Axiom, to wit, that u Things 
being laid one upon the other will rneet, is only true in Linum 
y and Angles, but not in Superficiess, unleſs they be alike, pig. of 
the ſame Figure or Form: As for Inſtance, a Circle: may be 
equal in Area to a Square; but if they are laid one upon the other, 
it is plain they cannot meet in all their Parts, becauſe they ate un- 
like Figures. Alſo, a Parallelogram and a Triangle may be equal 
in their Area's one to another, and both of them may be eq! 
10 a Sguare; but if they are laid one upon the other, they will 


6 


not meet in all their Parts, &c. F - . 1 TL. qo? 
Note, Befides the Characters already explained in Part I, and + © 
| in other Places of this Tract, theſe following are added. _ 
8. Viz, < denotes an Angle in general, and & < ſignifies Au- 
28 les; A ſignifies a Triangle; Of fxvifics a Square, and de- 
notes a Parallelogram. And when an Angle is denoted by any 
three Letters (as, A B C) the middle Letter (as B] always denotes 
the Angular Point; and the other two Letters {as AB and BC 
c_ the Lines or Sides of the Triangle which includes that 
ngle. _ . | 
"Theſe Things being premiſed, the young Geometer may ps. 
ceed to the Demonſtrations of the following Theorems ; wherein |. 
he may perceive an abſolute Neceſſity of being well verſed ine. 
1 veral Things that have been already delivered: And alſo it will - 
be very advantageous to ſtore up ſeveral uſeful Corpllaries and Tem. 
ma's, as they become diſcovered Truths: For it often happens, 
that a Propoſition cannot be cleacly demonſtrated & $##4arh, or of 
uſelf,, without a great Deal of Trouble; therefore it uſe- 
ful io have Recourſe to.thoſe Truths that may be afl the 
© Demonſtration then in Hand. 043; SE: 
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__ 4 mate An les with it, they will either be two; angles, of 
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= I we. 7 WF” DamongrRrATION..” - | 
wy * 8 Sappole the Lines to be AB and DC, meeti in the Point 
ns dt G. Upon C deſcribe any Circle n 8. | 
f 2 . * 277 at pleaſure; ; then will the Arch 
1. i 22 be the Meaſure of the < b, 
= —and the Arch DB the Meaſure of 
4 3 | ez; but the Arches AD m_ D B — 
= - 2 =180%w1z. they compleat the Se.d᷑᷑ĩ ³ 
_ mirc. Conſequently the < 5 + 30 5 ö 
"= 190 8 was to be proved. ., „ e 3% OY 


| — om ' Corallaries,. e 
: of 1. Hence it . that if the C hr 90 the Ce 28053 
1911 but if < +5 be obtuſe thee the Ce will be beute, &c. - 
: if Pim hence it will be eaſy to conceive, that if ſeveral Right- . 
© , lines land upon, or meet with any, Right-line at one and the 
= ame Point, and on the ſame Side, then all the 2 e 
1 * | together * be = 180%, viz. Two n 


= = OT THEO KER * | 
= Wi Right 7 inter ſecl 6. e. cut or ero . other, the two | ? ; 
9 . n will be equal. (3 18. e. 5s 
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"0 7 Lat the eus Lines be B and 
pP. es do other 1 m * 
. 15 2 C. 

= hen < 54. < 7 = 180 ME Ihe 
3 2 g<b+<a= 180 } = tt We 

1 V A 3 L + * e = ng 
* 5 | der Axiom 5. 1 
—_ EY: <.þ on both Sides of 

by 1 1 tte * ha will leave < 0 


goes as before 3 and <p <C= 
equen PETE OE FER, 9 wo 
C=<S/ QED. 
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Flem bense it i evident; that iF-ewo Liub ln 
they will make four Angles; - which, eons bs 
TGT Right-angles [x 


| Y a Right-line cut (or 22570 two parallel Lines, it will make the Fo 
We * gles equal one i another. (ag. 15 * 


Su r 
* ine D G to cut them both 
and wy eb the Point C (with 


any Radius} ibe a Semicircle; 
and with the ſame: Radius, upon 3 * 
the Point at u, deſcribe another Se- * 
micitcle oppoſite to the firſt, as in be. 
the Figure, Then it is plain, and I 3 
— e very eaſy to conceive, that 4 
Center C were moved along ; Nis <> 
i the Line D G, until it came 
to the Center at n, the two > ie a 
concur, viz. become one Line (for parallel Lines are as it were 
but one broad Line). Conſequently the two Semicircles won 7 
ARR eee nate Circle, like to that in the. 77 
Demonſtration, © .* n - 
; Andihercor the £55 gr g £6 bs before; 
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r it fellows” that if three, foo” or ever ſo many Paral- 
el Lines, are cut or croſſed by one rie, al their. vos 


Angles will be * 
THEOREM W. . i Þ 
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| ently,” any two 50 3 mu needs 
Np ; es two au. 5 185 " Wh 


» 
| . : 2 1 N > : 4 1 * 
** * . © - "a 4 7 * 

« % 

% | 


L * 
8 . _ ”+ 
: 1 . 4 
F L 7 4 we * * # 
9 | * N 8 
/ au | 3 
j - 1 - 
ff : 
2 ; * hk 
& # 5 's 
8 1 
* 1 
* 2 . 
' . 5 2 * n * 


See A 
the AABC Eb ed; draw the Ri rr _ 
_—— MM. juſt owing 155 1 | . | 
de Vertical Angle C; — 4 — ieee * 
ſame Angular Point C deſcribe — 8 Sen 0 dof — 
= micircle, and produce the Sides 4 C 
ER and BO its Periphery. Then will 

| "M 5 <" b= <8, << 622 F< and <a 
—_—=< C; per laſt Theorem. But 23 
"+ <a <x = 1809, or two Right- 

" os 9 <B + < 1+ £ C= 1809 (pe Gee 
5+ QED. N 


1 2 . ; A >  Corallory,” l + | 
. it 4 — chat che two acute Wk 3 Right- 

Wn Triangle are equal to a'Right-angle, of 90. 
/Conſequently, if one of the acute Angles be given, - the. other 

rs "an; viz. yore the given-< leaves the other < Gr 


„„ CO imit, fo WENT 5 21. 
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h rer 

5 Ie * 

= Two s ig Jet} e, to Fol ii biene 3 
: | den them, (13, . * ee 

22 5 SAY * W * 55 * fy n cog 

rds | Lattbe given Line he 4s 2 2 — e A 7 

Ig | Join the two given Lines into > , | 

ke one, viz. make BC= B.P4+ PC  * 

le, and upon & C, as Diameter, de- * 2 

no ſcribe a Sen ir then 

in- the Point P, ere the two Lines 


tes 5 * * en * Ari 2 cube. Por 


"Pw III. 


F m4, 4 2 50 be the Aon fue. l viz, 2. 


W 
BY this Problem tis ea to conceive how to make « 2 Aer 
equal to any given Porallelogram, (19: e. 6.) oF ES: aha 


For if BP be the Length, and PC — the Breadth of the given 
- Parallel, ; bed will FB be he Side e I 
| * to t Parallelegram, 


hy wits 


- 


60 $4.0 e 


Torn Bight li nes being yy to find a 2 Proportional Line 
e fl * 12. e. 9 


* 
4 
1 A i hy | ab 4 4: : 
. n e B 4 | 
- ; K * * 
. - 


5 ' oppoſe the three Lines 4 


- 


the longeſt tn r I 

he next longeſt Line | 
make DB= 4B — 4D; 

upon the Point D ſet the 

other Line D C at an Angle, either | r 
rigbt or oblique; and draw the Right-line 4 C continuing it a ſuſſi- 
cient Length; make B F parallel to D C, and it will be the fourth 
hs e as required chat is 4D: C:: A4 Ff 


K 
> THEOREM Mv. 
. any ee of a plain Triangle be biſected (i. e. divided into fo 


- 


equal Angles ) with a Right-line, (viz. as CA it fed to do the 
Angle 5 C D) it will cut the oppoſite Side (vi. B leer 
tion" tothe other two Sides of the Triangle. (3. e. oY i. e. B A: 


„ . e. 
- n DamonorrarION. EO 1 
| Produce the Side/D C, until Bebe pt 
CZ = CB: join the Points 
Z with a Rieht-line, and draw 
the Line FC parallel to 58 0; 
whence the Zz = BZ; 
per Theorem 6. and < z + S ; 
ot 2 <CBZ=<. 
(BCD) per Theorem 53 or 37 by, 
viding boch Sides of the Equa- _ | | 
_ tim by 2, <CBZ=4< 638 
BED. But 1 80D DD <ACD by the y- 
potbefis, therefore <ACB= CZ per Axiom 5: Whence 
40h parallel to B Z per Theorem 3. and the Triangles BD E, 
1 D, and F Z are ſimilar by the ſecond Fi 1 to Tbeorem 
| ee BC(=ZC):: W 


x * 


* 


. Chap „ on ee, 3rg + 
Do Nn Nin . OF . * „ 
4 5 4 42 THEOREM, XV... *. ns 5 
5 
i If two 3 2h ( bowſoever drawn) within à Girele 1 cat hs” 2 
en otber, the Rectangle made of tbe Segments (or Parts) of the ons 
in Line, will he —_— to the Reflangle made Kd the Segments 8 | 
| Faris) of the other Line: (35. e. 3.) is, 
| That is, if two Lines (as 4B and C D) 60 cut each other in 
i ung Fae PLN thee vl 4» X BirS D = XC x 5 

/ DzMonSTRATION: Maths 1g | 
P Join the Points AC and B a 
, Ri obt-lines, then will the A C&A 


de like. to AB D: For < B = © © 
< C and <A= CD, by Corolla - 
ry to Theorem g, and <A x C=< FER 
7 Bæ D, by Tbeorem 2. Therefore it j | | 
Bak will pe A Dy: GBA, ? 150 
5 Theorem 13. Conſequently 4 x ebd. QED: 
i l 
th ant 2-5 4 THEOREM xvi. 8 


Ir two Right lint are fo drawn within a 8 at, boi en 
ed, they will meet in a Point aut of the Qirele's Periphery, the 
ReAangle made 0 of the one whole Line, and its Part out 7 the Cir- 

a 


Us cle, will be equal to the ReHangle of tbe ber whole Li ind 
be its Part wit of the Circle. (36, 35 . F w_ 0 , 
F= That is, if the Lines AC a "ol : 
1 D h be continued unto the point 
| Z; then will AZXCZ = D 
* BZ. a 


1 De@nerrATION. Wy . 
Draw the Lines J B and ob. 
then will & C D be like to the N A 
ABZA; for <A = = D, and EZ & boch 
) Trian 2 conſequently, < A B Z = <DCZ, by Theorem 4: 
| ofe 


therefore AZ : BEI DZ:: CZ. Ego AZXCZ= DZ | 


Hs . THEOREM Xvi 


x Vow of a plain Triangle n in a Ft II | 
all a pin 7 the 1 Side, as 9 55 


8 | Ws, 
# Ld Eee its Part 
> Wks that F erpendicular is in "RES to one of the Sides including 


+» _** the Angle, fo'n "e orber _ TO the N to he Dooney” 
. . the 9 | 


£ © 


] 1 0 4 Ye! Ws * I |. 12 - * 9 1 'S SY | 4 p 1 7 A.. 

E " . 1 4 * ' , N . « * a 3857 

\ A, 5 i * 12 Hie ATION. p 2 * r 

1 IN > 
Ike Be D hr the . propoſed Triangle: A 


= From the < at D draw the Diameter 
— 9 ; complete the Triangle D CA then © 
en 2 A ="< B, becauſe they both 
ſtand upon the fame Arch'D C, and < ND: 
S gov, by Theorem 10. carats 12 
the DCS BDP by Theorem 4. 
© Therefore A DCA is like to the GH 
3B; and therefore, * gi IG 54. 
5 3 2 4. Eb. . 5 


i ee E 0. REM II. 


| 7 a Biadrengle' {that ir, 4 Trapezium) 12 inſcribed thin a 
| Circle, the two oppoſite Anglet, taken e are * to tw 
15 © "Right Angles, viz. 180 (22 e. 


DN That i is, in the Duadrangle ae the < < a+ <0=180% | 
And a < B 1 < = 1809. 1 WH | 
Dinonsrxsriox. C — 5 7: Th B "i 


ps the 7260 e 4 2 and © "Fo — 
B D; "then will the DAS & Af 4 
8 4 C,. and the D022 2 A 


CTC, by Corollary to Theorem g. But * | * 
$5 <ABC+<<BCA+<BAC=. %, 1 
180. by Theorem 4. and the <BD A. * 
N <B DCS < A D\C; | Therefore. 5 
the C AB CT EAD C =180?, and 
dy che ſame Way of arguing it may be proved, that 1 <B4D 
1 „ 0 E. D. r 2 A 
2 4 hy OE ES. THEOREM. XX. . of 


. any 1 W within a Cirele there be een 
Diagonals, as AC and B D, the Rectangle made of the two Dia- 
gonals will be equal to. bath the Redangles made o the 77 te 
Sides of the Quedrangle. | 

" » That's, FOXBD=ABXCD+1D K 2 

= | DNMORN- 


% 


biens rUa bien. HY be 


Make he Arch D S eb 3 EIS, 
. and from the Points A, G draw hw | W N OR 1 ee 4 
5 Line A f, and it will dan the G A. 4 99 1 
D, like to the A A5 C: For the r | 1 
f4D= <B AC, becauſe the Arches N 
D G and B Care equal. 7 * oo 


Wen i. 14, ins ** 
0 Again, the 7 DA = 8 0. 70 5 * * 600 1 
; A, becauſe they both ſtand upon be „nn 1 
Fe Arch 4 B.: - Conſequently the "oY as -& Go ” 
* AfD=< ABC, 5 T heorem 1 | N 
D Therefore it will be 4 Fay oa 555 4; 5 1 by . N * 

| C . 3 

ko, # 

- Again 14 A ws 600 A'ACD are alike; For we, 
| op. ad <BAf=.<CAD, becauſe. the <fAD 
a .=< BAC, and the < CA f is common to both Triangles. 
50 Conſequerkly the Af B-= <A DC, Therefore A C50. 
x CDN AB 5 
. :: AB; Bf, by Theorem, 13. ' Ergo = 
f+ B= B D. Conſequently B A D +0 4 
25 XKe: ED. 15” 0 a | Te 
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77 ra on E 3s, e 
All Pueralletigrams (whether. Rig bt or Oblique & an bel e 
2 the ſame Baſe, or upon aw Baſes, and —— the ſame. - 
allels, are equal to one another. (35 & 36. ei 8 
„ That | is, n — . "CD k 


* * 


eee . 


D Becaule AB=C S Das. by Suppoſuion, therefore aſa _ 
. —=Bþ; for B-a is common 10 both. n 
And becauſe 4 C B D, and the 4 | | 
, therefore the A ACA B 
Db: And if from both Triangles there 
0 be taken the A* d common to both, 
0 there will remain the 1 r* 
| N . 3 * 1 


* 


g 1 * 
Pp «* 6 * 1 | * 2 
= | * 6 But 


8 : 
4 
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_ 

| > 
* Ja of 
- 
1 

LY. v 
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1 

* bs | 
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X I 


” * * 
* 1 F 
1 . 5. 
7 318 : * 
- 72 Ps 
x 2 * 1 * — * 
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the Trape 
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Then will BD ye "WTI k 
And becauſe CD =; A B, therefore |} * \| Wy A 
DG NAB DF, bet B D 8 0 


1 to be alike, and their 
like Sides to be thoſe marked 


* IIS | 
. * ** FER | 4 ry " 
« {= * 
* * +» FS 
IS I wt 


lements of Geometry. Part I 
But the Ty 


rapezium AB x C Ae DSB, and 


eee 
1 6 Wann, Ak. 


N 


+ x 4 * 


** 


* * F 
; * | 2 | 
* * ** 2 * 
1 323 L — 
9 Coro > 1 r 
a ll . 9 


Act it will 4 be eaſy to conceive, that al Triangle which 
ſtand upon the ſame Baſe, or upon equal Baſes, and between the 


ſame Parallels, (viz, having the ' ſame Height) are equal one to an- 


ethet. (37 & 38. e. 1.) 
For all Triangles are the Wi of their circumſcribing Paral- 
lelograms ; and therefore, if the Wholes be equal, their u 


a : 


3 THEOREM. . 


ms "y conſequently Triangles) which hove . 
" _ Fro 2 n one One” as their aſes 
1. E. 1 8 


x y Is % N , = 

7 = 2 *. HER 
„ DzuonsrNATIon. . 
# y OP : %. 


Draw dP; le to B G, and N 4. 2 — P 
AB, CD; FG Perpendiculars to them. Rar 


: DG BDXAB: DdGX AB. 
And Eonſqueny A 15 D : :ACDG: *BD:DG, Ne. 
 THROREM — 6 | N 


* Lit n are in a 7 olicate 3 to that of their e 
A 1. (19.e. 6) 


At i is, the Area's of like Triangles are 1n Proerion one o 


4nother as are the Squares of their like Sides. | 
| 48 (Daw norn ation. „ 4 E ha 1 xy 


65 ppl nd. BCD und. a 


; —_— aha: I, * 3 . 
8 5 
i, > T4 
N 4 ' 
'F ' F 75 
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; E of ee * "my 
1 dee eee ee N 
F Thez 54 ABCD 
A e teAmWAIR: en, 5 
| " — 6 , I er —_ 21. nen , abt 72 0 Joo. 
4.34 Dt: 4:43 8 ie & | 3 
Y | ew 1535 Ne by + IE 
2 4X4D41|5 [3 DDA S444 Þy Lid 3. „ OTS, 
- 5 Hence 6 EET 4475 2 — r i 
2 THEOREM XA. 725 CE = 
In every Obtuſe- ang led Triangle (ar BCD) the Sy of the Side - 
oo f obtuſe Angle (os D) is greater than the Squares of 
ne * the other two Sides (B and C) by a double Retlan — 
* one of the Sides (as B) and the Segment or Part of that Side pre- 
duced, (asa) ro it meet with the n . K. Jl * 
12. 6. 24 
5 eee. 2 5 . | | 
3 e DrMoNsTRATION. 3 B 1 | 
% Firſt | 1 ] Ir SIAN. 5 
' And [2 CCS PPT 
F 1— 2 3122— 002 284 + BB 8 80 2 
G 14+-CC 4 e * | 
D, 5 4 ; POE 
| Corollary.” | N Fo. 
ous "Mins OAT that if he Sides of hoy Obtuſe-angled Tri- 4 
| angh are given, the Segment (a) of the Side produced (or * Per- 
5 th e 7 may be eaſily found. 75 * 
"A 2 THEOREM . 
uh if a Perpendicular (a: P) tbe let fall into any Acute-ang led Triangle 
*% (as BCD), the Square of either of the two Sides as D)is be 5 th 
N the Squares of the ather Side, and that Side upun bark thePerpen- 
5 dicular alls (via. e by delle ee. of the Sid 
5 B, and that Segment er Part of it (wiz. a) which lies next to the 
bo am (13. 6. LY 9 BB+CC. 
Let 9 N 4 £0 - 4 7 Don- 


vs _— 


 Drnonommarion.” 26 


S "Fit 31 = PP+ e man Gs 
/ | = 
And 2 CC PPA 2 r 
But 31 B-—a=e, by Figure, $7? 5 2 
90-2] 4| BB 25 ＋ a e. 
4 aan 583 o- 2.4 See Ul. 
118 2: 6 DD = 00 4a. 
5, 67 DD=—0C= BB — 20s, 
WS 3 Boks te; 5 ABD 
y 3 2 8 by 9 5 88 2 g 3 | be: 


| ese 1 3 chat, if the Sides of a any e Trias- 
; he be known, the®Perpendicular . and the ap of the 1 
* hereon it pals My: a, 00 may be * found. 


The Sonia f foetal 0h ont Ems in plain ed, 
 . whereby) the Learner may (in Part ) percerve the 1 96d cl or 
0 25 ef i the foregoing, T heorems., * : 


=: 4 'O 0 TE, when a tins or dhe Side ey oli Tango is 
N any Way eut into two or more Parts, either by a a Per- 
eee pendicular Line let fall upon it, or otherwiſe, thoſe Parts are 
WEE + * uſually called Segments; "and ſo much as one of thoſe Parts is 

„ longer than the other, is called the Difference of the Segments. 
| „ And when any Side of a Triangle, or any Segment of its Side 


| . 44 is given, it is uſually marked-with'a ſmall Line. croſs it, thus: 
. - and thoſe Sides or Parts of Sides, that are < fought 
—_ are marked with or ner; ; —— 


nelle de give s Right-ling (as 8 5 into de FI Men 

. : It pon (11. 6. 2 n 

| wy OY 6, Ave * 

= That's, to ales als @ Line ſos that the Square of the g greater Seg- 
ment (or Part) a, may be equal to the 7 N * the 
= Line Bos and the leſſer Segment 3 


3 EC . by the Problem, * ö — . 
= - „  Alld S —a==ez for Habe. 5 + . | 
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+ 1 4 
. by 
5 1 — N 1 1 | " V's . 4 . ; 1 © us 7 . 5 5 1 
4 3 94s 8 * - — 
7 4 255 # Ia K ' i a» * + *% * * 
Pa 27 42 G58. * 7 Tor 3 Me = . . 
4 | . 4 N Py AW. S945 
"I "bs | Q * 
— 3 * 0 H IS * * +, 
ww 
wa 7 


ain ct av 


* Eins +=. Whigh,va tabs ts | 


oy vv My 
4 % 
* 4 
„ 
"ow: n v * 
* Or 
W 8 


5 ＋ 8 5 E „ 
6, ſolved | 7 #=y/85F EST - — $88. "See Page 23 


Note, The Problem be t 
but Lg. may be 8 rel OY b YN 


1. Take a Square, whoſe Side is = 8 hs given Fo and 
one of its Sides in the Middle, as 1 — 
* 2 upon Point C deſcribe 

ch a Semicircle as will paſs thro” 
Y remoteſt Points of the Sq ure, 
and e its Dittes. +” "Ml 


* | 5 I 5 7 1 | ; 
2. Then wWill aber part ef the ac on each Ns | 
Side 8, be = a, the greater Segment fought. e Yo IGG 
boy Mack a+8:8:iS$:0. By Theorem 13. = 


— 4 
mm. > 
of 
- 3 


J Baſe of any Rigbt-engled Triangle, andthe e 1 .. 
tween the Hy pothenuſe and Catherus being given, to fd the ' 
+ Gazhorus, Sc. 1 0 | | AS 1 = 


Le J [GE 1 * DER 
| Abd 3 2 =Cathetus ug * n A - "Mi 9 
at | b-+ag=dd+2da-+08 2 4 
"A Oh 3 By Theorem 11. | 7 — rr 1) #1 4 
: bb—dd+24a | tha. | * 

4 —-@ 4}. 5 % 
. . a==bb—dd 
4a p 22 


N22 14 b. W 3. 


8. Lale 5 = 
8 '- Te | 
% ' 


* * 


5 : of . 5. 5 


—_ Tz * vou 12 Ks e Way raiſes. the ſame Equation; 3 mei- 
weer is there any conſtant Method or Road to be obſerved in ſolv- 
ing Geometrical Problems, but every one makes Uſe of ſuch Ways, 
and Theorems as happen to come firſt 1 into * 3888 the Reſult 

2 0 * TY the ame. ke Vp 


45 6 „ _ 4 
83 4 4 iv * 
aa p 
— * 1 * . - 
84 


PROBLEM ! m. 


. The Difference. e the Baſe and benule on any Right- 
I EF - +. angled Triangle, and the Difference 7 — een the 2 and 
” © "*Hypothenuſe being beds e, to * * e 


— cg 
r : „ 2 e 
r b = | 
6 \ ** 4 ; 1 
ag og wn. 
- 40k g 1 d > 2 
> 1 f 7 Ig 
k 
N 
> 
| g 


x+2xa-þaa=ee 


85 dd 2dx-b2da+ 1 nul. 
S7 ad H ꝭꝰ q- bee. 


Iuöbeſe tw6 laſt Steps are equal, by Theorem 11. Conſequeny, 
= if thoſe Things that are equal in both be taken aways the Re- 
_* . 1 will be . BY Axiom 2, 


14 11112 It eee aſe... 5-60 
1 Z IE: 1 5 + a = 65 =e The . I 
1 dir d + — 97 Ti The Hypothenvſe, ; " SM 


\ NE IN r 
8 EY 5 b Pre 4 7 N V n P 7 \ 1 1 
. = R „ TI * r 3 — 

3 _ — b TOI WI Fo nl e 3 IEF 

ou I OA E e 8 n — 
5 1 pal N 4 * * , "a> © 2 SSR k — — 17 * 
4 ſe R . „ - * Blk” ie A — . 

9 * - wm a * N * * * * * 2 A 2 4 8 * 7 8 Vo / L 
ITT. * 7 * 9 9 1 * * + 8 
18 Sar” is 9 A N T 
- * . 4 
6 £ 
* % 
-» E 8 
WW. 
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5 2% ., angled Triangle, being comm x egos fo . the ""T% 
T a 523 Bs | 
$e=S=137 


57 7. ls „ 


26 4 22 S 
1 3 f 2 — 5 Sh r £ < 1 7 ' 2 E 
4 ki FF 


6 2 » 1 
* 1 ? * E 1 L 
1 i N f * 
* 2 


41 
"5 | 


7 
is 
4 
F 


teres { 8 5 
= The Hypothenuſe, and 'the Sum of the other twa Ar if an N. | 


þ 
* 
— 
8 
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The Hypotbennſe, and the Difference of the ot ber two „ $3467 


© Of ReſoliinigiPhatih 


F eee x i 
| — - LED 272 e cur. 


5 . | 10 * ** £ 4 
1 * 8 Tbs The Ce Wn. 


. 1 * * 
* | — 22 _ 
: + 
vg . — 
8 TROBLENY Volk 
* "421 S 
1 ww * | N J F * 


Kigbtrangled Triangle being * to RM. the 8 den,. 


Let _ 1197 As befor. 
2 | a—e=d=7 Quere a 


* 12 5 00 d 
x 2 by 
By Fig. aa+ee=bb W 1 


| 4 ag—2aeoee=dd | . [ks 
3 . "ag 222 2b — . F 7 ho # 
27 T1108 22 +habb—dF=144, * 9 38 * Ne 
$8—2 9 =72, 

7 12 . i 
1 2 11 ye * \* 5 


4 fx, 


In any SF As? Tritt dither ths Baſe, zr Carbarus, / * oh 
the alternate Segment of the Hypothenuſe Aa 15 a nd ies 
lar let fall . 1 Right-angle, Ys given, 13 | 
Segment. + 644 * 


Leer 


c=45 e , 
Ka. The 3 ig 


8: 21624 urea 
ba=ee 

can ee. By Theor. TY 
Danger - a 
aa + barg cr | 

| | An 
g 18 a+3b= of oc + 1500. + 


Woo =V7+ WT: 46 =25 At 2 
IF 470 — — ** 27 And for e, &. 
A Es i | 7. T t 2 | 10all of 
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LES ke 2 


LY 
* : 43 « % — 
1 £ 1 $ 
* 0 
* * . . 
Is. 4 % & 
& 7 % 
C * - IT P 
44 3 N 
= 4 l 0 
, = 4h \ ” a 4 S 8 A | 
£ > "8.25 K 44 wh 0 1 bog) 
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2 hal 355 Wer the Gene en 2 (or Solution) of 
| 8 three Caſes of Qꝛadrutir Equations promiſed in page 202. 
Let the Krſt Example be that above, viz. ad + ba= cr. Caſe _—_ 
Make the Co chelent ö, and the Root Fo ee l 
d é here) into a Rigbt-angled Fa- 1 
_—  -ralllogrom. And upon the middle e 
13 Point of the Side =: deſcribe ſuch ; 
2 Semicircle,.. as will paſs thro” the 
remoteſt Points or Angles of the Pa- 
Fallebogram, compleating its Diame- 4: 
ter, as in the annexed Scheme. Then will A Part 7 4 the 


— 


4 +8, and the Side c will be à man Proportional. between them: 
That i, A bietet. By Theorem 35 ee aa * 
_— VEE was donn done. * 65 gs 


. T 1 N : * 1 
. b 1 & „ 
Fd. kn L 
* a 2 * F ui \ * B ; 7 
7 


55 5 oy Triage, arid the Perpendicular et fall from t e Right-angle 
upon the . bring Saen; {Pence Jo A. the * 
_Hevuſe, Sc. N 


„ Let 213 The Difference of i the Sue, 
And 2835 | 
| Querea| 3 a=The Sons V4 


Fas. 


: . = D 

E A [abeepirers, ES 
n 1 * Gecbermpa . 1 

Agaip, e 4d ade Ta 0. By Theorem 11. „ 
R 
56 78 | dd=aa—a2pa. Case 4 


7 

80 Okt! aa—2pa+ r 

| „ o eee oo 57 
0+ Feel 2 Se. for E TT 


The e Gonftruttion of ris Cap" 2, Cr N 
X may be performed in the ve 5 — 
fame Mariner as the laft Caſe” * * . 
was; that is, by making a 
Right angled Parallelogram ot Z 
the; Coefficient 2þ and the 
dd, vit. d, & c. As in the 
Lane xed F wi; 1 


4 - 


Diameter, on each End, beggqualito a; the other Part will be 


The Difference! between the Bale and Cathetus 7 „ Right-ang 1 


12 w4 


PIR — YT = 
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11 = th =... I, 


ee 
| I, 2 8 
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c Of Reſ : Problem, 3 


Then will the greater Part of the Diameter to e End of the. ... 4» 
Parallelogram be = a, and the leffer Part will be a—2p; For 


210: A n un 


Which dnss de done. * 3 
1 IL A&A 
. OB L E M. "VI OST 
The Hypot othenuſe of any Right-ang led Trian any and the 'Perpen- © 
ici] let fall from the Recht-oogle ; ah t Hypotbenuſe, be- | 
ing given, 0 find the greater Segment of the Hypothenule, bo. 
Let eee ee e sf 
« And 2 þ=36 | * Wa 
E re = 5 $ 
n 3 1 
EK 
413 3 PL=e n | 5 8 "oy 
| | a & 4 A . ' * 
398 6 — 1 A , N $ 
5; big b—a = 4 „ | 23 g I UP 
7Xa | 8 | ba—aa#= þp Caſe 3. . * a 
8+ | 9 ee 1551 
900 110 e eee, 23 B 
114. 12142 e Or, — TT $8 
| The Geometrical ' ConftruQion" of Caſe 3, v — gh 
ma) be thus performed: Draw a Ri 1215 WW 
line (of any convenient Length at Plea- 4 * 
ſure) and near its Middle grect a Per- 2 
pendicular =p, viz, of the ſame Length 


with the Root of the Raſolvend. From 
the top Point or u 1 per End of that Per-. 
hal 


— || pendicular, ſet f the Length of the Co-efficients wiz. 


=dd > ndwpon the Point obere — juſt touches the firſt Line (With, 

o . ſame Diſtance) deſeribe a 132 then will its Dinmete? 

* b be cut by the Perpendicular p into two Segments, which-are tbe 
. two Values of the Root a, via, the greater and leſſer Raste, bob 

. taken together, being always *. to the Co-eſßeient; (wide _ 
FT: Page 195 For -:: pe by e 13. L EY '1 
2 =þP. WI, was to 3 f 8 
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* J ” . 4 
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n 3 | „ gf Ri 2 
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Yards, and the Breadtb AU or B D \ .-( J 
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thus, 29 X 33= 957. Then 2) 957 (475.5 57 of e Proc 
duclis are the Area of the Traopezium AB 


PROBLEM V. 


- To find the Superficial Content or Area of any e dare, 
or many ſided Figure, which by ſome 
Authors is called a Triangulate, bh. 
cauſe (as I ſuppoſe) it mu be drvid- EE 
ed into T riangles, as in N 4 = e 
Figure ABCDFG; by which it is 8 
evident, that the Sum of the Areas 3 
of all thoſe Triangles, found as in &@.. + 
the laſt Problem, &c.will be the Area 
of their circumſcribing Po on. 


PROBLEM VL 


7 o find the Saperficies, or Area of any regular When, viz. of 
any regular Pur Aon, HEXAGON, HEPTAGON, ( Oer 
GON; &c. Go 

| Multiply balf the Sum of its Sides into the 1 

6 Ro "3 of the inſcribed Circle, or half the ſaid Radius * 

into the Sum of the Sides, and the dukt will 
be the Area required. 1 


That is (184. 8D + DE+ EF + BG + GH+ ee. er 


= the Area of the les Oates; ; wherein it is evident, that 
its Area is compoſed of ſo many equal 1/ofceles Triangles as there 
are Numbers of Sides in the Polyg en, vy. of eight 7 celes 755 
angles, whoſe Baſes are the Sides of the Ofagen, viz. AB'=B D 
— DB; es TE ng Ts ww, C5HCM ED; 
& c. are "the Radius's of the circumſcribin Gele; und their per- 
"gag * CP, is the "Raine of of the inſcribed. 
irc 


Bot 152 Try of . of theſe Trianls is z 43 * P 
by Problem 3. "Conſequently the 
Sum” of all their Areas will be 

e into half the Sum of all their 

_— - Baſe, as above. Ee; 
= This, bei equally evident WE 
all regular Polygons whatſoevef, ! | 
makes the Rule genera] for finding * 

| their Areas. 

Nov, becauſe it is required X 
base the Radius of the propoſed. 4 
_ -  Polygon's inſcribed Circle... I ſhall 2 & 

bere inſert (and demonſtrate) the e 
Proportion that are between the Sides of ſeveral regular Polygon: 
And the Radius's both of their inſcribed and circumfcribing Circles; 
2 the one will help to delineate or project the Polygon (if Occaſion 

S ue it) and the 8 will help to find i tis F.. 


71 


1 Kind nh, Of an EaUtLATIRAs ThranGup.. N 


7 — . 


I'S * The Side of any Equilateral plain Triangle i is in n Phoportion to 


e Radius of 


—  - Circumſcribing Cirele, 1 2 095 7735027 Kc. 
_. 4 Inſeribed Circle, As 1: TO 4 0,28867513. &c. 
Tz Perpendicular Height, | 0,86602540 c. N 
| AB:CD::1:0,479135097  ; | 
115 (TORTS : 028867513 N * 1 
AB: AG:: 1 : 0,86602540 5 % 
4 \DruoxazRarION: | 8 F | \ 
g 4 
12 8 B DI, then will BG OE 5 £ 
1 "= CW= 08; but.) AB— B G.* TH” ** 
13 2048 by Theorem 11. That is, Ne #9 
b: ons 2 0,75 = UA,  conſequently,'. -- 1 a 
Be 0,75 = 086602540 = 4 G: Then 8 


AGE: BA. B: AH, by Theorem 13, that is, O, 8660254: 1 :: 
11,5454, & c. HH, then LAH , 377350) — C4 
Again, 46: DG: DG: C, tat! 18, 058660254: 0,5 * 22 055: 
0528867513 = GG, Q. E. D. 


"vi 10 how the von ere 


Now, by the Help of the Firſt < theſe FIN it will be 


Seas s 2 


= % 
+ © # + W 
E Wo * x 
- „ N 5 . - 

: * if 4 

8 
a Ci 1 
> F x % =—__ 

- 
- Y b 


0 g Nl =o 


D. 


. 
PR” = 


22 


to Problem 3, that is, 12,5 & 21650633 


cus: Let b=AP=34 AC. Then a 0 A. But 845 


bs . A 
O — 9 —.—*— 


. 1 5 . — 
£ C +> # 4. . l 
2 1 . ; . 

4 5 © * | 
\ * 2% a 8 
* 1 > Two s wel - 4 
8 g — 

%% 4 a 8 


Tbe Side 7 any fraue. 277 Tei v. en, 10 „fun, 


„ ö 

Example ny the Side of the FO T e A B C =o 
be db viz, AB B:G= CA 33:0: th; 
Firſt 1: 0, 8660254 :: AB==25 : 21,650635 
= B Pby Theorem 13. Then 4P(=+ C 
A) XB Þ = the Aria of A ABCby Rite: 


270, 6329 the Area in ſquare Inches, | — — 
Or this Problem may be otherwiſe reſolv'd, A P 


— A= OB P. By Theorem 11. Tbat is, 4bb—bb==3bb= os 
B P. Conſequently, ee. Then 5 v7 3b = B PX F 
AC. viz. * n= * of the GP ay 9%, 


* 
** 


a - Secondh, Fore PnTAGON." | l 2 * 1 4 


4 
* 4 ** 


The "Sie 5 any Pentagon is in Proportion to the Radius" 0 

Circum ſcribing Circle, 0,85065080 . 

an 1755 Circle, © TE To 30,68819096 & 
Perpendicular Hoe ht, 4 175 . 76 &c. 

AB: AC:: 1 een 

Vi Un CH:: 1; o, 68819096 . 

AB: AH:: a 153884176 : 


** 


„ - 
my” 
"a 


| D&MONSTRATION, + LEO 


Let 1B i. And draw the A . 
Diagonals AD, A, and DS, which ; 

will be equal to one another. Then N * 
will AG X DF TAD X GF "© CR 5 
AFN D G by Theorem 19, Conſe- 

quently, 4G X. DP = APXDG:—UDXGF, that is, La 
AB =O AD: ADX.GF =1, (becauſe AB = AG = =DF,.- 
and AD=AF=DG) hence it will be 4D= 1,61803398, 
then AD H= 4 H by Theorem 11. But DHI 
4 B, therefore UB UAB = AH = 24 15 
Again, IH: A D:: A n: 1A 24 C. For, 8 2 
n 8 1 


- 
PPS ag 
Cour xn 


: * 


as % +4 _- I * 


Ld orgs. 
45 W 
* £3.25 
£Y * 
* 
= 


5 * T1 i ; 
'A © Regs 24D 4 4s 1, 10130161 "Hence AC =G8506z08 * 
| 520 ee 9,688 79096, K.. Q.ED.f * 
3 eee. 4 
. „ 1 
| _—_— ; The Side Was any regular Pentagon being given, to find its Area, 7 
1 Example, Suppoſe the given Side to be 15 Inches long, then it 
= will be, as 1: 1,53884176:: 15 : 22,0826264 the perpendicular 
Hleigbt; and by the - (make Rule 40 age; airy = 165,619698 
7 £ Or eee . Bo 

3+ MR. "38 


"Th ng wy 2 lar Octagon is in Praportion to the Radius o i 
25 12225 ſcribi =” As 1: to 1,30656296. Ae. 5 of 4 


+a ifs 


ih 5 Dreh, For an OEr a60%, 15 


K þ a a "1 - * * - 

2 rn r a — bo N 2) - HH 
6! . N : 5 n a * RR ) i 
3 — 2 TEA * 7 2 LW * 2 „ . "=> = 

K 9 9 N I „ 
F * 7 * i * ” ad 4 


Inſcribed Circ As1: to MPT FOOTE. Sc. 
70 CA:: 1: 1, 30656296 | 2 
* 124 CP:: 1: 40% T0678 Ti 
"Y | * | DunconsrRATION. | It 
EE Dry the Rights DR,” and > * 
300 from the Point B let fall the Per- ; 
en ag B x 25 the Diameter ; 
Le 
Wee ” hes will ADB 4and A DxB 
5 be alike, by Was 10 and 12. | Fs = 

1 1 „ | 

5 Let LE 5 Dibty= Bo HO OY, | Ti 

1 hen N 264: 5: : &: 5. : 3 41 : DB. I x 
g | | 2ay _ —=DZB | * ; I 

147 wat — 7 
3 S | 
1]. # 3 
__ 4aoyy _ 5 
7 3 
DDA—ODB= O34 By Theorem 11. | © 
Abbas — Aan b. N 2 $2 T} 
* Land.C n+ 57 80 
5, 6 : 
1 | 


c. e 
rer 


a 12 e 
en it | 
ular = 2 Area of any bange. 
698 FE M I. | 


The Side of any 1 OcQagon being given, ta find 10 == 


Example, Suppoſe the Side given to be 12 Inches long; Fit, 
as I : 120710678 :: 12 :14,48528136 = the Radius of its in- 
« of | (cribed Circle; then 12 X 4 = 48 is half the Sum of its Sides, 
* and 48 X 14,485 281 36 = 69542935. the Area required. 
Friourtbly, For a Dc AG 


* The Side of any regular Decagon (viz,,a Polygon of ten equal Side) | 
is in eas; ta the Radius of 18 
” F cumſcribing Circle, as 1: to 1,1803398 &c. A. * Ts 
Lee Citgle, as 1: to 1,53884176 K. > Ee 
4 75 BA: CA:: 10 1561803398 _ 
E 1. 184. CP::1: 1,8388476 — 


OE eb T's an 
b=B ARI. a CA 
Let 1 e=D B, and 3=Bx 


Then 1 2a: eb: 4 29 * 
That is, 5.4: A. :DB: Bx | 
3 | e 
14 | 5 7 2 = 
But | 3 | 2y :e:: 3: 1,61803398. See Pentagon. 
* B75 0 3 | * 
4=1el 5 | 1,61 803 398=ac=C A , | 
"i Rr Le DCF—DPP=CP. By Theorem 11. 
F That is, * * ö SO 
„ „ Pro. 1 


- V Side of "an 


ef 


e Let * 


Sh 1553884176111 I 
Circle; and 14 * 5 


. eee | 
"np Fifauh, 


© The Side be) any regular Dode 
1 | "Og Sides) is in Proport ft 


twelve equal 


gon / 
lde Radius 0 


5 Circumferibing Circle, as'1 ;.to 1,93185165, &c, 


| Inſcribed Circle, as 1:to [;8663201 2, AE: | 
1 Pim <p CA::1;1,93185r65 _ _ s f a 
} * DA: CP::1:1,86632012 =, 
F wy ig B 77 
1 B A=1': a=C A as before 
Ande=x 4; then G—r=Cx 73 
8 0 FY 1 Leek BOB 
Bo run IE: By Figare. 
2 But 2 BT IC ASIA 
; 2 0.5 ; 3[1Bx —=3aa 
C ts 2 3 4% -A | 
3 "4 N br 40a =e e ö 
ö A 15 6. — fag = 4 — 2ae + tt 
Nix. UCB -E. UC 
an 24% 74 aa = 246 © ' 
4 — 7 866 — ea r- Le =ee—200- . 1 
, 8 gaa—2a98 Abt, e Tae 
9 F. 102 / bb —Faa = = bb 4) 4 
{ 10.0-*  [r1\4bbaa—acan = þb4 
„ 11+... naaa — 4bbaa=— 14 
13.0 56 ; 304 = 3 ; 
t 14444 — 2 = 3= 197320508075, 75 
14 ＋ 257 [15/42 = 2bb+y/ 3 = 3,7320508075 3 
IS. e 7320508075 e C4) el 
x; dere F CF. vn. OCE-OPF=DCP 
17, Hence C Pr 4 - 4061, 8663202. ME. D. 
5 . | Con- 


. 
q I IF, 
» o 5 %, 
% A 
: 4 3 2 A 
* BP 1 % & go 6 
* v% 
* — — * 
f IH 1 
* 


* 


The 


will help 
© others, if his CY 5, but t 92 
will alſo help to fo hery and Ara, 
according to the M n in the” next | 
N ne IM the * 


1 
q \ — * . 
p | wk 
o y 1 2 i # 
vi — * thr £4 - 4% 
_E 
F 


» —_— 7 


—_— 


| * | 1 
. . $ N g . * | 
Fd 
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7 An new 3 lil Method of finding W 29 9 
. and AREA tdanyaſſigned Exatineſs (ar Number of Figures) 


y one Equation only, Alſo a new and * Wor 


making atural SINES and Taxcxhrs. . 


g 1 Na Ga ppoſe (what is very eaſy to conceive) the Ciicle' af 


to be compoſed or made up of a vaſt Number of plain Ile 2 
celes Triangles, having their acuteſt Angles all meeting in the 


cleꝰ's Center. And let us imagine the Baſes of thoſe Triangles ſo — fol 
ry ſmall, that their Sides and their Perpendicular Heights, viz. the 


Rudiu“s of their circumſcribed: and ſcribed. Circles (vide Pro- 
blem 6.) may become ſo very near in Lengtb to each other, as that © 
they may be taken one for another without any ſenſibie Error: 
Then will the Peripberies of their circumſcribing and inſeribed 
Cireles become (althoꝰ not co- incident, yet) ſo very near to each 


other, as that either of them may be mduſerencly taken for one 
and the ſame Circle. 


But how to find out the Sides of A Polygon (viz. the Baſes of - 


thoſe Iſoſceles Triangles) to ſuch a convenient Swallneſs ad may 
be neceſſaty to determine and ſettle the Proportion betwixt a Cig- 
cle's Diameter and its Periphery (to any aſſigned Exactneſe] hath 
Hitherte been a Work which required great Care and much Titne 
in \ts Performance; as may be — conceived from the Nature 
of the Method uſed by it have made any conſiderable 

- Progreſs in it, v. Archimedes, Nuulius, Hugenius, Matius, Van 
Cullen, &c. "Theſe proceeded-with the hiſecting of an Areb und 
found the Value of its Chard to =. convenient: Number, of Figures 

; pats Hor Fe at 


& 3 


2 
*; * 
E 9 


D 
— ' 


2 
« = 


by 
- 
E 


Feri 
aces, he 


comes to N 
wg 
„ continual Tri 
had for tſe as il Operation as we have 
"for: Biſe. But Ews how to biſect an Arch 
„ 225 OY * 1 but / not en , Sec. and the one may be 
0 dogs fAlgebr aicaly ) by 3 5 a Quagratic Equation, but 
2 e ee other, xizhout Equations of a higher Compoſition, 
F boi Nee of a continual Biſection, Sc. 


Manner proceed by 


min 


Ro oy 
W Iinto 6 
e 1 12 
Fs RY Kon 2+,/3,%C. 2 


EY a :2+4/:2+v: 49 4 
Kt Ke. VI 2192 


75 V2 NV 2 vine 2 yi22+/3| 384 


other Section, if we 


e 


4 


— 2— J rt 2+y/ : * LW LAG: 2+//31 768. 


+: 
* ile — and ee een 1 Work of theſe complicat- 
. 2 40 Eetractions is, I leave to the Conſideration of thoſe, who 
Ds 6e either have had Ex e therein, or out of Curioſity will 
0 BOW. gi themſelves. the trage of making Tria 
gain, in Page 347, the Doctor inſerts a particular Method 
ene by Libnitius, publiſhed in the Acla Eruditorum at Leip 2 
the Month of February 1682, in order to find the Ci 
Area, and conſequently its Peripbery, which is this? 
5 3 to- 144 -A- Hr — 7 +I — Se. 
infinitely : :: ſo is the Square of the Diameter to the Circles's Arga. 
þ + B par convergeth ſo very flowly, that it is not worth, the Time 
I ue it. * 
| ſhall here propoſe a new Method of my own, whiereby me 
Ne s Peripbery, and conſequently. its Area, may be obtained 
mitely near 9 Truth, with much greater Eaſe and Expedi- 


tion 


| IM + * — ns 
** 3 
1 . 


"ak 6. Of the Giro Peripherjjite. 34 


| ten ht thr that Ff Bree tr of Wl as above, 
other Method that I have Yet ſeen; it being performs _ 
* by reſolving only one Equstion, deduced by an eaſy Pro- 
© ceſs "oy W a which 


(Ti Bahn rc 5a 1 5 one fri 


4 ww og 


9 


ery. That is, oh e. fot Sf 
rt of the Semicircle, are each equal 1 its Radius. 
Then if the Arch 4 1 8 
3 FOE METS BZ. 349 XA a - 
F . Ns 
K abe „„ 
DD fc, b 
48 1 Quatre a2. „ 
1 7 2 15 5 
R: 4:24: R vs 4s _ ; £ 


kRi 5; R eas 


TFB:BZ::Fe:ex=AD—2a 6 
AAFB, and AB Ae, are alike 
Al 48S Me=D'x, 555 a 


ee To triſen the Arch 3 y is the Chord. Be bs 


Cr 
Re R R = 28 | 9 N 
3 That is, — > in 9 1 
ere a= the Chord of Ir Part of the Circle. 4 | 
For + of 4 = {7. | 11 : 
Next, To triſect the Arch 43. by , .-< 
1 | 3333 = the laſt Chokl. 
2 þ27y3— 27p5 4-997 oY a3 . I = 
319 — 3732 1 7 
49 — 3003 5 +y 9 =3a—a*=1. 
1 Here = the Chord of 3x NN of the — 4 


34 —43 = : | | a © 
5k 2 | 2743—27a5 + gal — a9 =y3 . 1 6. 4:8 I 4 
WO OT TO DR 2 92 ga! — 5 = | 

1 


W TY E 8 — * 


=— 
* 
1 _ " 
ö 
7 


„ 
- 


1 


7 * ö * 2am , a 
tans vy 7 — I i 
* 4 WY 


| [5 Ne —5103094- "TAY TY * 
n 


e ee ee ION 
612368" =y9 Re oy OS 
45 "Eat : 1 


— 81045 + 27047) — 30a9=3093 . 
{9551093507 + 729089 —2430a!! + 
$0327 3+2 740%: = 2795 
G Cerro — 
N 2855151 3＋85054ʃ5 
13 ee reges. + ub 
t 7293049 107506 T- 1 5 


104652413 69768215 
. _- Here a a= the Chord of f 755 Part rt of = Circle. 


” Proceeding on in this b Method of cominually-eriſeRing i the Arch 
of every new Chord and ſtill connecting the produced Equations 
into one, as in the two laſt Triſections, twill not be difficult to 


obtain the Chord of any aſſigned Arch, how ſmall ſoever i it be. 


Now, in order to facilitate the Work of raiſing theſe Equations 
to any conſiderable Height, "twill be convenient to add a few uſeful 


, Obſervations concerning their Nature, and of ſuch Contractions 


as may be ſafely made in them; which, being well underſtood, 


will render the Work very eaſy. 


„ have obſerved, that every Triſedtion "ill's gain or advance 
one Figure in the Circle's Periphery; but no more, Therefore ſo 
many Places of Figures as are at firſt deſigned to be perfect in the 
Periphery, ſo many Triſections muſt be repeated to raiſe an E- 
quation that will produce a Chord anſwerable to that Deſign. 


4; "7" alſo found, that all the 8 Powers (of a) 
whoſe Indices are greater than the Number of Triſe&ions, (viz. 


- Whoſe Indices are greater than the Number of F Figures) 


may be wholly rejected as 1 


„ 3. When once the Wunde of TriſeQions * * the 
"igheſ Power (of a) is determined, the third Proceſs (viz. the 
third TriſeQtion) may be made a fixed or conſtant Canon; for by 


| it, and Multiplication only, all the ſucceeding Triſections (how 


many. ſoever they are) may be compleated without report the 
; feveral Involutions. 5 EE e 41 


ln 


„ Tan at 


* 
* 4 wn 4 +. 
TO N 5 P14 " at; # 


. In 


— 


1 i WW TW 


a 0 


n 


& "IN * 1 8 \ 


8 4 
er 


c. Ofthe Cd ane 381 


4. In raiſing and collecting the Co- efficients of the ſevetal 
Powers (of a) it will be ſufficient to retain only fo many ſignificant 


Figures (at a3) as there is deſigned to be Places of Figures in the 


Periphery (or at moſt but two more) and every ſucceeding ſuperiar -- 


Power may be allowed to decreaſe two Places of ſignificant Figures: 


But herein great Care muſt be taken to ſupply the Places, of thoſe 
Figures that ate omitted, with Cyphers, that ſo the whole and 
exact Number of Places may be truly adjuſted; otherwiſe all the 


 Wosk will be erroneous. 


ow the Number of thoſe ſupplying -Cypbers may be 


3 de noted ba Figures placed within a Paręntheſis, thus: | 


576 (8) a3, may ſignify 5760000000043, as in the wing E- 
quations, The like may be done with Decimal Parts, thus: 


.» (,7)658 may ſignify ,0000000658 & c. which will be found wy 
$ kek in the Solution of theſe 122 the like N * 


"The aforeſaid ContraQions may be ſafely. made, beruf bed 


the ſuperior Powers of a, which are rejected; as alſo thoſe Num- 


ders that are omitted in the Co-efficients (and ſupplied with Cy- 
phers) would produce Figures ſo very remote from Unity, as that 
they would not affect the Chord deſigned; that is, they would not 
affect the Chord in that Place wherein the deſigned Perifbery is 
concerned; as will in Patt appear in the following Example. 

If theſe Directions be carefully minded, *twill be caly t. raiſe 
5. uation that will produce the Side of u regular Polygon, 


F 
i) 
- 


ke 


e Number of Sides ſhall be vaſtly numerous, - conſequently A 


; . ſmall : But, 1 aa 'twill be ſufficient for an x- 
. ample, io find the Side of a Polygon condi 


x Sides; that is, if I find the Chord of — 
Periphery, and that requires but ſixteen Triſeions, which veing - 


ing of 258280326 equal 


7 885 os Part of the Cirele's , 


ordered, as before direQed, will produce this Equation, 


430461214=3323601 79486968612(4) % ) 
4 +109837653199714(20)05—8491218532841(2507 | - 
+$54633331143(50)a9—230083348(66)a!* 

- +68 09880790 3—1 $072(94)@"S ,. 


Here the Value of a will have 23 Places of Figures true; that 
is, the Sides of the ſcribed and circumſcribed Polygons will be ex- 
.aQly the ſame to 23 Places of Decimal Parts, but no fafther; all 


which may be eaſily pbtained at two Operations. And for the Re. 
_. *twill be ſufficient to take only three Terms of the Equation, \ Which 
. * admit of . farther e ar: 


E 
- 


; 


oF 


Yr = 5 x a £6 Y N 3 
wy as 9m, TIE HY & , A = 


- A . bs d 


= 

1 1 
. 43 1 * I 

þ "& 1 


13 2 pee 2 
3 
=» Aud ler r-Fe=a ; chen rejecting all the Powers ok hy” that arſe "uy | 
* 2 betend 23 | 
| "it ere et 
And rs + 5r#e+ 10r3ee-þ lo rrece ae | 
"Then the ih ſingle Value of r may be thus found: 

4304671) 1,00000000 (,00000002 = tt 
| This ,00000002=r being duly involved, and its Power well. 
plied' into their reſpeQive Co-efficients, will produce 4 A* 
3 | e N 
& —_—,02658851— 3988322 1994160903 ee 
1 +,0002463 n G1 $87e+ 6 61 $9(9)ee+ 308(18)eee 


, wiz. , 1$3459196+391 19986e— 1 1193257(9)ee—3016(18) eee 
Hee 391 19986 — 193257(2)ee— eee eee 


An the Terms of this laſt Equation being divided by. 1932 57 ON 
the Co-efficient of ee, it will then become ; 
Sa000002024e—ee—,156( 5) £e==,00000000000000085 $8968=D 

D+.156 ( (5) eee 


Soo. opp th 187 55 920 et” 5 


4 bi, 44 A 


v z0000602024) e 8968 (. OoooOοοοe 
K — oo . οοοοοοοοοοοοοοοο = 56 (5) eee 


7D. ,000000 198) ,99000009000000085 6895 2 (,0000000043 7 ; 


2 Di. ,000000198 1 8 * 792 . | 
. * i £ 2 N 0 15 * ; 9 | {i $4 $56 * | 
g 3 Tal | if {ttt 5943 2 e ky - i 
| gy Ko 5465 
Firſt i j 3952 
+ e = ,000000004327 — _ 7 WE", 
* „ DOr rather new r for a ſecond 
Weng. . * 


1 if this 6 Paluc of a = hon were not conti- 
nued to more Places of Figures by a ſecond Operation, but only multi- 
plied into'the Number of Chords, viz. ,000000024327X258280326 

86, 28318539, &c. the Peripbery of that Circle who/e Diameter is 
2175, nearer than either ATC; or \Meetius's Proportion: 


* * " " * ; : 2 g | 
— 95 | | * 4 +: * þ 
Ch. 6. Of the Circles Periphery, &c. 353 


Archimedes maler it 6,285714 &c. vie. "Ar 7. 10 22. And bong 


* it 6,28318584, &c, wie. A113 355. 
But if the whole, Equation before propoſed be now taken, and 


We to a ſecond Operation, the Value of a may be en- 


creaſed with twelve Places of ee more; n eng 9 be ob- | 


"EY 


tained A, plain Divi + oe only. 


r 2 


* e e ee ee 050 let all the Power of ebe 
I We | 


„ en YA 
err. iy 3-4 e | ; 
1 ri-barve==a og eee 
TIO + $r 312 pms'3; 
| Ee * e e 24s s 
- Th vl Powers of r = = ,000000024327 deing Wide — 3 
© multiplied into their Teeny ps will Ae: oP tos 


hers. 


e 0 RF 3 ee 
ms 475491905 3943865 — 5900761 
＋ ,000655906484595355 + - 1348toef 
e 1 2 ae 
1 0000000163025 17863 a. ES ER © 
TOON N . oe Þ tas ty, * 
r /,00000000000007138 8 ö IE 
— £9000000000000009J \—— 


. 
1 4 — 1 1 


mn —— —— 


1 *. 


2 1000807743706 J. 343758805 81 * 
Hence 37279554*==—2000000026474 745106 =D: Ocrather 
„ ee eee 
ae tron rag Ox: ee e 
Crate” 


8 ee ( * wee 
15 eee 


15 


—— 


EO $744 24: 012195 34 v 8 2 1 0 
Re 1 ae 92 624617660 3 
. * ; 31279554” , F 
Fo Rx c. 
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* S — 
As we WA — as — 
* ” * p * 
2 7 . 
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. "0 
PLING? 
4 *. 


Bx=ha= 27) 12163 160166 BU 
and OB Ge Cup 


TOE OY "IA 3 Fas 
* . 8 7 
Fr 18 * BY - 


5. 5 1 G 


* * — 1000000024327 .-. | A WR ASE 

; — 2 = ,000000000000000) 10167967. " N e 
1 2 22 20 =a 0 . 
"of the 3 required.” q 933 5 
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that let 4 be repreſented by the Chord B 6, 
Scheme ; and let Bx xb. Then will "* 


Let the [OP e as before. 
Then will the oe ar 
=,9999999999999999, c. 2. 
But £x: K B:: CA: AD * * 
2 $84: D43. * . 
ge Dd I, 7) 243269992 8320 
he Side of the 9 al ore 8 
Tun will a 258280326 be the Feri. ; 
eter of the Inſcribed Polygon. And 7:95 -— 
.DdX 258280320 will be the Prrimeter of. the Circumſeribing Pow 
te That is, 6,2 fed hg 795859/= the Perimeter of the 
ſcribed Polygon. . 79 25 755508 _ . 
of the Cireunſerited P ? 
ce "tis evi chi hs Circles Patgbery; whole Diener. 
18/2, may be concluded 65283 1853071795864 true, becauſe the 


_ Perimgters of the inſcribed and circumſcribed Foh gen are ſo far 


very near being Co- incident, or the ſame - 
*Tis poſſible there may be ſome who will think chis' is tedious © 
and troubleſome Work; but if thoſe pleaſe to conſider, that, if 


_ it wo require theſe wing: n * | $ 
Weary: 2 7952 N e e +22 
| 47 A 1 a TN zTNVIZTYVJ 2/12 ＋ 12 
Viz. 4 Sr2+Vr2bdw/in+V/invinktys:i2 
| 3 2355 „ 
Lot ine ies. 8 5 


Here he firt Rove (viz. / 3 muſt be extending; at a o 


þ. - one hundred and two Places of Figures. The ſecond *-$ 


"(wi * F YA „ 


7 rler of | 
_ theſe Figures will hold true to the Circles Per 1 


this e were to be found by the — Methed of Biſee- | 


« 
* 
* 


5 % 
# Ws 


Y » 2 , £320. 48% 9 1 K * 
ch. 6. Or the Cirel#sPeriphery, bcc. 38 
* r a ＋Y : 25+/3) muſt have 96 Places in it., 
ec. every Hrtraction being allowed to decreaſe three Places, that 

ſo the laſt Root (viz. the Chord fought) _ n of 24 Places 
cf Figures, as abo e. * 
3 1 vhoever duly Sade the Trouble of: thele tes re- . 1.8 
3 Extraction: wall ] preſume, be pleaſed with what I have 

"24 865 For truly, when I conſider the great Time and Cate re- Y 

quired; in them, I cannot but admire at the Patience of the la- 
botious Van Culen, who proceeded that way until be had found 
the Circlt's Peripbery to Thirty-ſux Places, - Figures, to wit, 
|  6,2831853071795864769252867665 59005 beſe Numbers 
5 * aid to be engraven upon his 2 Stone in . —_— pes = 
if den, ie eee fark. - A = 


Hog this obtained the Circle's a Arch may as 
5 be found (to the ſame Number of Figures) by Problem 6. That 


9 


*® ' ** 55, if half the Periphery of any Circle be multiplied into half ite —_ 
Diameter, the Product will be that Circl”s Area, as will appear 
| farther on. Therefore 3,141 3 will be _ Area of 0 

the Circle whoſe Diameter | 2." - | a 


de hewed ibs e l e I ONe 
8 5 Feripbery and Area to what ExaQneſs he pleaſes to approach: 
| for preciſely true they cannot be found, notwithiſtanding the late 
. Pretenſions of 2 certain Frenchman. who bath publiſhed to the 
- World (in the Works of the Learned) that after twenty-five =. 


4 
- 
| * 
L 
g * 
} 
* 


Study he had found the Quadrature of the Circle: But if he 

peruſed the 83d Chapter of Dr. Wallis, Algebra, he might th 

| have ſeen his Error, viz. the Impoſſibility of what be pretended 

do; ſor it is as impoſſi Denne (that is, 3 
5 ies Irs) uff f d- Root of a Sd de, 
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3 Net, What I hath here proposed and done by the- TriſcQion. 2 
bol an Arch, may as eaſily and much more ſpeedily be performed f 

| _- by. QuinqueſeQion or Septiſection, &c. But becauſe the Scheme © 
for Triſection is more ſimple, ard may be eaſier underſtood by a | 

- > Learner than thoſe of the other SeQions (of which ſee my Com- 


pendium of Algebra, Pages 76 98 0 1 . ſoy Os 
made * of 'TriſeQion. 


As wks) jon of one Circle to e and of the Tir 


cle to the Ellipfer, &c. theſe CEE ec * * we come 
40 the = Part. | 


(054 EE 1 " Before 
0 | 


ell at its Potvers dived, and thoſe Powers multip 


\ . 


"Before 1 . this Part L ſhall make ſome Uſe or We 
tion of the above - ound Periphety, in finding the Quantity of 
5 which is done by the Help of Nigbt- lines, called Sines and 


; .. Tangents, the Length whereof. are calculated to every Degree 


* 


and Minute of a Quadrant, by much Labour. But 1 ſhall here 
ſhew how to find the natural Sine (and conſequently the natural 
Tangent) of any propoſed Arch or Angle, by two Equations, 
without the Help of any ptecedent Sine, as uſual; © which I dd 
ſome Years ago communicate to the ingenious Mr. : FaJeps Ralpb- 
. "fon, and he ſo well approved of them as to make them the 20th 


and 21ſt Problems im che ſecond Edition of his * Aguatio. 
num Uni ver ſalis. 


And becauſe, in finding; the Quantity of Angles; every Circle is 


ſuppoſed to be divided into 360 eg Parts, called Degrees; every | 


Degree is ſubdivided into 60 Parts, called Minutes; and every Mi- 
nute into 60 Seconds, & c. (See Page 294.) 


Therefore 3 6,283 1853 &c. (00174532925 ge. is an Arch 


of the above · Iound Periphery, equal to the Arch of one Degree. 
And 60) o, 174532925 &c. 88 Ec. = the Arb 


of one Minute. 


Then if the given Arch r Anglo) be leſs than 4s ny re- 


8 4. it into Minutes, and multiply thoſe Minutes into this conſtant 


Mulliplicator, viz. '0,000290882 calling the Produò p. And for 
the Hine ſought put a, Then it will be — agaa+ ee 


1 nun 


EXAMPLE,” 


Let it be required to find the Sine of 199. 1 7 =11 63. Nee 

00002908882 X 1153 = 0,3353940946 = p. And — as 7 
402472943 * 199, 049611 0 T0, 4945 8 ** s 06201394. 

Let re 4 
| rr +2re + ee = as' : | 

Then rr ret gree + ebe aaa AD bs 

| rrrir ＋ qrrre + 6rree = aads r 

Note, In this Caſe the firftr may always be taken FIPS to the fir hr 
Figure i in the Pruduct =p. ' Viz. here 1 =0, ta wwhich being invo 


Coefficients of the Equation; it will be 
”, F241483+- 80, 9e *. -* 
UT —17;9144 —119,43*— 199,034 

I + 0,10686 + 1,08e4+- 3, Bae 
_ — 0,008 orie 0,54% 


Fw JO 


""* . 5 . 
5 4 * * * 
: 2 .. - 
— - _ * 


| Vis. 63344 one 196,97 = 5,06201, 


| | 
23706201394 3 
992 8 9 M4 'T . 0 


ted inte the reſpettive _. 


N 
[ 
n 


cls. Of te Chile deep. 355 


| "Pp NM 
ns es ge ee 147 . 
* Y 1 rot mag Kel s 5s. | 


Bene Ny 1 
* Thzonze Tg eee 


| Q Ze. 14; Bk Db ok, 
| N 53,4» * 
. . 6,193) 1 beet ee 
* 8 : ＋e = _ ** | Y * l | 0 + 
N e | 521 | Wo; 2292 | $3 a * ; : | . ' 4 
* a N . n ' 4a 
1998 KF ; 5 N : 


7 „ &. | * W 5 | 1 4 
Firſt y 20% 2 Obs cbs e | 
$2 ==" : | | | | * q | 5 
1+ e= 0,329=7 for a ſecond Oval 8 * 1 


Which being involved and multiplied, Ee. as ee, wilt pro " 

duce theſe Numbers. | Wn | 
S + . +26,48271781 + $0,49458e __ | | l 
h — 2154532894 — 13097464. — 199. 0496. „ F 
+ 0314332578 + 1,3069 e + 3, 9 4%f ́ :-— _— 

— 8501171611 — 55474244— 0,549 Ae 4 | 


Vir. go 9131 558e—1957266e=5,0$201304 


Hence 49,31 558e + ne = = ,0069846 ; which — 


divided by 1957266 the Co-efficient of 47. ll, ne 199, 
| +ee = 20000336854 =D. 


e bas mY 4 
| ü | „ © ,25196 + e - * — — 46 
. | Ka es ped 
F Oper ation. Tb 000356844 (9,000141 ** A 
5 ＋ , + $990 | 
-% Diviſer 0,2520 | 104854 Fs N 2 
2. Divifer 0.25210. 00 ]ö 0 ng. 
e hath 7 40140 Wy „ © ' Ie 
„ betet nd 25210 ma Ko bd 
+ © 5 0,9001415 . | 
Fez 0; 0,3291475 being the nid n of g 90% 13. As 
was required. 
Thus you may find the Right Sine of any Arch or Angle leſs 
— 45 Degrees. But 
. | 3 WY.” | 15 , | $5, 
| 3 KT; 


> . CL 7 
7 . F 
* « 
, 
« % % 
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—_ 


But, | thi glen e than 45 Degrees, ou muſt - 1 
take its Com e to go. viz. ſubſtract it from go D. grees, © 
and reduce the Remainder into Minutes, as. before. Then « -* tha "3 
_ tiply the Square of thoſe Minutes into this conſtant Multiplicator, 
0000000084616 calling their Produ#p, and putting's = the Sine 
ſought, as before; * will e 19505 5 * 
3 3 Wy - 
| . wh, 1 © lap. Wks 4 A * 
ppoſe it were 1 to find the Wed . or (which . 


4 Thing) to find the Co-ſine of 14, 29. = 868', whoſe J 


re pee 7 153424 * 0000000084616 , = 0506375172518 = þ. ; 
- the Equation in Numbers will be — — Ae 205 - 0 
7,29506260—21, 1481 4a = 87 . | 


1 


«4 * * , (0 $4 . q © 8 
Lei d And I — 5 peg 


terien - Dna. , 

a TRE Tang ree= ans 3 toning TH 7 

+ ere 1 OO 5 

Note, Fae #=3 bene the Heb iſ nw to go? — | 8 
therefore Zan, it y =d _ 3 
3 : — 47,7146 ＋ Kune "Me 35, » 2 4 
4 197,2956 — 394,59 L 109% { dg. | 
4 + 28 way oy. 0% 84,00ee = 190,936. Ee J 


- +, 1,0000 — fee 6,oow Jo 
Viz. 206.1808 — — AGI 34 Be + 287,200 = 1908361 _ ; 


Hence 461,48e— 287,29ee= 1443447 
And 1, 606 — e 5 3 


THEOREM | [—=—. . | \B 4 
Operation, 1,606) ,049930 egi, Eres 


, *. 


. 4 8 £44 
w * 


4 oon 471 | w 2 s NN 
| * bine 1,37 . Et Firſt » = 1,000 
ST IISS LOA == 0,031 __ 
2. Daf 1,575 | n 
&c. 2 
or feed Operation ahh, being ined bins, wil 
| . 


* I 
bh 2 . 
wh - * 
* » 


a. 6: of ftheCizel? — Ke. OY 
: Hz 20, 6025 760 T 21, rast ADN 


"+ 185,252368710— 382,35783e +" eb * 
＋ 5 75889852 — 78,872726;+:- $1,59608.. 
1 95881647759 — 3:639410+ | $6337 55 
Vis. eee ee ada 1 
| . 1102399 | 
Hence it be 443»7551 ge — a $41 256 ; 
0 e e | 
| „ WAGE I. | 
1 3 0,001 988 2 (000070612 1 8 | 
ß Es Phe. Gas, Xp 
1. Deer 125589 „ eee 75 5 $ 1 
, Sly 7s Rack po, 
2. Diviſer 1,5589 3 . 
V e 4d | 1398520 | . 


Laſt r = 0,969 - 1 1 . " # 1. LES 
3 = 0,0007068 ES io | 1 
r —7=a=0,9684932 the Sineof 750. 32. as was required. 1 5 


| Having found the Bine and Co- of uy Arc, the Tenge 2 
. a bee ee A 8 C 
* Ar the Co-ſone Arch: n of tt Ab. = 
| Viz {ohne ee N "A 


For ſuppoſing BC = BD Radu, AC the Sine of the Arch _ 


WS Men B 4 is the Co-fine, and 
FD the Tangent of the ſame Arch. 
But BA: ca: SD: FD, Se. 
Now by this Proportion there is re- . 
of _ to be given both the Sine and 
Cine of the Arch, to find the Tan- 
pu + "Tis true, if che Radius, and B 


COON Ga” for be $a 4 
given, the other be found, 1 1 
thus, 7 5 =B A. Or / OBC= HFA CA 


But, if either e Sine or Co-ſine be given, the Tangent 
. preſume) be mor xi fun by te lloing The lint Bret 


4 . * 


* ict if Row 75, beat. dl Aus P 4 T2 v TIRE _— F — « = din, 
4 * F : \ * 7 * . 7 8 a 4. 3 9 * PTY * by o "ry * 
a = : 2 * * * 
3 « N 
. 1 ö d (9 * "as. 
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a 2. 


Let Bcr. CA=S. 28 FOr. en 
| given, T may; egy Inn 8 or a EET 
PP 


— ues % eo ode" — 


&, to find T the Tangent of the 8 Arch. Firſt o, 3291415 

N 3291415 OTOB334127 = 88. Again 1 — 0,1083341 7 

. 0 1 — . Then 0,891665874) 0,168334127 

(0,1214 1 and * , 1214963253 = 0,3485632 = 7, the 

Tangent, © . 38 was required. And ſe you may proceed 
to * * * angent, when x = the copy! Is Nen. 


RS: Perhaps i it may here be” el, that I ſhould have ewes 

and demonſtrated (or at leaſt have inſerted) the Proportions from 
hence the foregoing Equations for making Sines were produced ; 

but I have omitted that, as alſo their Uſe in computing the Sides 

and les of plain Triangles by the Pen only (viz. without the 

Hel of Tables) for the ubjeQ of my Di courſe hereafter, if 

** Time permit. 
In the mean Time, what is here done may ſuffice to ſhew, that 


formerly uſed, is in a „ e I think, 
I may july e e 


N eee, rene. Ip 5.0% 


Let the Sine of 909; 1 35 {before found) be 1 Thy, Viz. 147 5 


the making of Sines by ſuch a laborious and operoſe Way, as was 
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— = PART IV. 


"CHAP, 1 N fc ON 


i 0 | 22 if a Cont, and its Sxcvion, Veen 


* 

HERE are Conn Dekinitions given of a Cant: The 
Learned Dr. Barrow; upon 2015 hath it thus 

“% A Cone (/aith'be) is a Figure made when one Side 


+6 45 « of a ReQangle Triangle, (viz. one of thoſe Sides that contain 


the Right-angle) remaining fixed, the Triangle is turned round 
« about, till it return to the Place from hence it firſt moved: 
& And if the fixed Right Line be equal to the other which. con- 
% taingth the Right-Angle, then the Cone is a Rectangled Cone; 
pu if it be leſs, 'tis an Obtule-angled Cone; if greater, an 
6 e Cone. The Axis of a Cone is that fixed Line 
bout which the Triangle is moved: The Baſe of a Cone is the 
4 rk which is deſcribed by the Right] Line moyed about,” 
„ 18, 19, 20. Euclid, 11.) 
Moor, in his Treatiſe of Conical brauen out of 
the orks of Mydorgins) defines-1t thus: 
. Tf a Line of fu ch'a Length as ſhall be-needful, ſhall upon a 
« Point faxed More the Plane of a Circle, ſo move about the Cir- 
[4 cle, until it return to the Point from whence the Motion began} 


2. the Superficies that is made by ſuch a Line is called a Ck 
= Superficies ; and the ſolid Figure contained within that Super- , 


4 ficies and the Circle is called a Cone. The Point remaining 
4 fill . Vertex of the Cone, Se.“ 
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oth theſe Dottie 6 are Cahn true, nd, with A 
tion, may be pretty eaſily underſtood ; yet I ſhall | 
here propoſe one very different from either of them; and, a6 1 
preſume, more plain and intelligible, eſpecially ton Leerner. N 

e ee Adee pl r 9 

of what.Bigneſs you pleaſe, 3 into two, thres, 1 
tors, either equal or unequal, and one of thoſe Sectors be ſo rolled | 
up, as that the Radii may Jx=0y IN OE i = |} 

a Conical Superfivies. : 
we That is, if the Sector H V be 
en out of the Circle, a tp * 5 
up as that the Radii | 

S way juſt meet each other in or" 
their Parts, it wil form a Cone, and 
the Center / will become a $4lid * 

Point, called the FER FF X of the 
_ Cone; "the Radius VH, being every 
© where equal, will be the Side of the 
Cone, and the Arch HE. will be- 
come a Circle, whoſe Area Is abe, 3 1 
_ "Ry 7 he Cone . Baſe. - | 1 n 5 
( EXigb. Line being l to 3 8 
1 F Periex,or Point F, to the C men 


es Baſe, Fry C, that Lise 

We Hor he AXIS, or pryendic: . - 

giebt of the ( 5 

2 a K made i in — 93 
it I a compleat on 1 
Fo, Which 1 ſhall all along all C Rink Z 
Cone, becauſe its Axis lands at tr H 44 
Angle: with, the Plane of its 3 1 
eee eee es 


Ay Cone, whole Ariz, i is not CY 
- Angles with the Plane of its Baſe, may be 
properly called an imperie& Cone, becauſe © 
its Sices are not every where equal (as in he 
- annexed Figure.) Nou, ſuch an 5 
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See, 12 


If a t Cone be cut «roy thre? its ts the vl or 195 

2 that eien will be a gl ain py 88 as H. 

A 22 2, viz. the Sides HY and ) ot the Cone's "wg will be 

IJ the Baſe of the Triangle, and (FC) its n will be t nk 
 dicular * of the y . 8 
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a 
854% * * 
> ; 1 ; 2 
= 9 
. * | 7 8 — —— 


- Tfa Rig ox Odeon pv af ys Wet 140 ph- 
tallel to its Baſe, as 5 g (it will be vafy th cohrerve, that) the Plane 
of that Sefion will be a Circle, dn the Cones Baſe is ſuch: 
| wherein one Thing ought to be clearly underſtood, which may 
de laid down ks a Em, to defnonſtrate the Properties of the 
45 ; * Gerin. : 
LN 0 If any Hob Right Lines, inferibel within Cb, d. 
* | rar WO I ONT e of | 
We:  }Figure) the Reflangle made of the Serments "of one - 
2 LEMMA. of the Lines will he wal to A Reda wade f 
1 A 2 1 of © he" e Ses bee py 


ed g be- ge e 3 
| | AM HANG 1 = . 

Kg 5 1 (0 vthtly if ba Sab and if B yy 

then it 12 haXg#=06a, add 

im the 0 Cone's Baſe HA X PAR 
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| "3 0% | 
8 12 If a OR Cone be (any where) cut off by a Right Line that's cuts 
N * its Sides, but not parallel to its Baſe (as 7 & in the following 
Figure) the Plain of that Section will be an EA (valgarly.cal- 
. an Oval) viz. an oblong or imperſect Circle, which hath ſe- * 
veral Diametets, and two particular Centers. That is, 8 
r. Any Right Line that w_ an Elligſis into tua equal Party: | 
iz called a Diameter; er which, the longeſt and the ſhorteſt C. 
are particularly N orn, the reſt, as being of moſt gene- 
ral Uſe ; che other are on ? * fo particular Caſes, | 
1 1 an 2 1 2. The | 
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n 1. The | eff Dianotic ( 8) ho ROBY N 1 
is called 3 * - 


anſverſe Diameter, or 

. 'Tranverſe Axis, being that Right Line 
which is drawn through the Middle of 
the Ellipſis, and doth ſhew or limit its 


3. The ſhorteſt Diameter, call the. | 
Conjugite Diameter, is a Righi ine .T ;, 
that doth interſe& or croſs the Tranſ- n 
| verſe Diameter at Right Angles, in rr 

the Middle or common Center of the. - H . 
- Ellipfs's Breadth. - | 6 


in the Tranſverſe Diameter, at an equal Diſtance each Way from 
-*. 2 28 Conjugate Diameter, and — 
or burning Points. 
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443᷑. The two Points, which 1 call particular. Centers 3 El 8 
Jip /i (for a Reaſon which ſhall be ſhewed farther on) are two Points 
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ty 
* 
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lually called Nopxs, oct, . $ 


=. 3 All Right Lines within the Bllipfc that are parallel to one 


© © another, and can he divided into two equal Parts, are called On- 


= DpINaTEs. with Reſpect to that Diameter which divides them ; | 


And if they are-parallel to the Conjugate, viz. at Right Angles 
with the 'Tranſyerſe Diameter, then they are called Ordinates 


» 8 are called both by one Name, vig. Larus Rxcruk, or Right 
ename farther on; 


>, 


” 


| 1 4 F 3 
If any Cone be cut into two Parts by a Right Line 


L 3 Section (viz. $þBABbS) i called a PARABOLA,. 
F 7 | 3 A Right Line being drawn thro' the Middle of any Parabola. 
= {54} is called its Ait, or intercepted Diameter. 
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135 Parameter, - which all the other Ordinat er are regulated pe = 


rightly applied. And thoſe two that paſs, through the Feci are re» 
markable above the reſt, which, being equal and ſituated alike, - 


8 > 


L parallel to 
one of its Sides (as & A in the following Scheme) the Plane of that 


þ 2, Al Right Lines that interſect or cut the "a at Right An 
2 gies (as B B and þ þ are ſuppoſed. to cut or croſs & A] are called 
Ordimates rightly applied (as in the E/lipfs) and the greateſt Or- 


4 "i finate, as B B,. which limits, the Length of the Pqrabold's Aris 


b uſually called the Baſe of the Faraboſ, 
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Chap." - of Definitions 


* Mi That Ordinate which paſſes 5 
thro* the Focus, or burning Point of 
the Parabolay is called the Latus Rer- 
tum, or. Right Parameter (as in the 
Ellipſis) becanle by it all the other 
Ordinabes are proportioned, and ma 
be found | 

4. The Nade, „ or burning 
Point of the Farabola, is a Point in its 
aw (but not a Center, as in the K. 

55) diſtant from the Vertex, o Top / 

| che SeRion,: (vix. from &) juſt x A 7 
Part of the Latus Reflum; as thall "IF „ 
be ſhewn farther on. Wo. | | 

5. All Right Lines drawn within a Parabola parallel to its Axis 
are called\Diameters; and every Right Line, that any of thoſe - 
Diameters doth- biſe& or cut into two equal Parts, is ſaid to de an 
12 9 to the * which biſeQs it. 


K 


ey a Cone be any where cut by a Right Line, <a parallel "ry 
its Axis, (as & 4, or otherwiſe as x N ſo, as the cutting Line be- 1 
ing continued thro? one Side of the | 


Cone (as at & or x) will meet with the 
other Side of Ah Cone if it be conti-- | 
_nuedor e Verten -- 
V, asat I; then ſhe Flane of that Sec", 
tion (viz... the Figure 85 855 55) is 5 
_ an HyPERBOLA, : 
A A Right Line being drawn thro? "IE 
| the Middle of any Hyperbola, viz. 
within the SeRtion, (as $.4, or xN)Jis _- 
_ called the Ait or intercepted Diame- _ 
ter as in the Parabola) and that Part 
of it which is continued or produced 
out of the Section, until it meet with 
_ "the other Side of the r ner 27 


iz. TS or T Ke, called the 
Tragſtenſe 83 or Tra 


Axis of the Hyper worſe. 


"7 All Rig: Lim 4 that are drawn within an bes at Ribe 


Angles to its 5 are called . rightly apy as in the | 
„ Parabela, © n 2 
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3. That Ordinate which paſſes thto* the Feu of the Hyper bola 

1 js called Latus Redtum, or Rigł Parameter, for the ſame Reaſon 
2 in the other Sees,, r 

1 4. The middle Point of the Tranſot#ſe Diame# is called the 

Center of the Hyperbolg ; from whence may be drawn two Rigbt 

Lines (out of the Section) called AbY M#70 #8, becauſe they will 

always incline (that is, come nearer and nearer) to both Sites of 

the Hyperbola, but never wett with {or touch) them, altho? both 

- they and the Sides of the HyþeFbvla were infinitely extended; as 

_ will plainly appear in its proper Place. | | | 

' 4. Theſe five Sections, viz. the Trianple, Vrrele, Ellipfir, Paru- 

'* . Jola, and Hyperbola, are all the Plains that can petſibly be pro- 

du uced from a Cone; but of wem, the three laſt ate only e led 

Conie Sections, both by the antient and modern Gebmeters. 
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| Scholium, 


heeſides the foregoing Definitions, it may not be arniſs to add, 
dy Way of Obſervation, how one Section may (or- rather doth) 
mi ar degenerate. into adothtt..... r. 
hz An Ellipſis being that Plane of any Section of the Cone which 
is between the Circle and Patabola, twill be eaſy to conceive that 
| © there may be great Variety of Ellipfes produced from the Tame 
Cone; and when the Section comes to be exaQly parallel to one 
Side ok the Cone, then doth the Ellipſis chapge or degenerate into 
2 Parabola. Now a Parabila, being that SS Hion whoſe Plane is 
always exaQly parallel to the Side of the Cohe, cannot ways as 
the Ellipſis may; for ſo ſoon as Ever it begins to move dut of that 
Poſition' (viz. from being parallel 16 the Con?s Side) it degenetates 
eitber into an ps, or into an Hyperbola : That is, if the Sec- 
tion apcline towards the Plane of Ke Cone's Baſe, it becomes an 
Elie; but if it incline towards the Cone's Vertex, it bechmes 
an Hyperbvla, which is the Plane of any Seon that falls between 
the Paradola and the Triangle. Abd therefofe thete may be as 
-  maby Varieties of Hyperbela's produced from one and the fame 
Cone, as.there may be Ellipſes, ng ed 
I0 be brief, 2 Circle may chatge into an En the Eli /: 
into a Paratola, the Paral ola into an Hypertols, ard the Hyfer- 
- Bola into a plain T/o/celes Triangle * And the Center of the Circle, 
which is its Focus or burning Point, doth, as it were, part or di- 
=. _. vide itſelf into two,Fect ſo ſoon as ever the Cirele begins to 
= _ -, _Vegenerale into ag 14 ; but when the Elli changes into 
f 4 Furabola, 6te End of it files open, and cne_of its Peel va- 
_ _ pithes, and the remaining Focus goes along with the Parabela 
V F214 DE when 


* 
3 


EO * $ 


OY 


w 
de 
Ve 
tt 
di 
C 
n 
0 
c 
7 
« 
t 
f 
c 


F — 6 i 4.4 amd aA wo0 


—— 


* 9 | A 2 
Toe” . | * ö — . 
Ob, 8. Concerning de E, 3, 
when it degenerates into an Hyperbola : And when the Hyperbolls 
* degenerates into a plain Iſeſce ria, this Faru becomes the 
| vertical Point of the Triangle (viz. the Vertex of the Cone); ſo - 
he that the Center of the Cone's Baſe may be truly fai@ to pa * ü 
bt dually Fr all the it ts 5 it 3 8 the 1 ex * a; 
Cone, ſtill carrying its Latus Rectum along with it: For the Dia- 
ar Peter of « Cicle being that Right Line which paſſes thro! its 
th Ne > r Focus, and 1 WK I yp Right Loves I — 4 
the Circle ate regulated and valued, ma ume) be properly 
called the Circle $ Latus Refum : 42, at 10 K* loſes he Name 
"i of Diameter when the Circle degenerates. into an Elligſis, yet it 
2 retains the Name of Latus Rectum, with its firſt Properties, in all 
d the Sections, gradually ſhortening as the Focus carries it a | 
| from one Section to another, until at laſt it and the Focus become = 
co- incident, and terminate in the Vertex of the Cone. | 
I have been more particular and fuller in theſe Definitions than 
is uſual in Books of this Subject, which I hope is no Fault, but 
will prove of Uſe, eſpecially to a Learner: And altho? they may 
d, perhaps ſeem a little ſtrange,” and at firſt hard to be underſtoocd. 
N yet, when they are well eonſideted, and compared: with a Cene 
by. cut into ſach Sections as have been defined, they will notonly be 
ch found true, but will alſo help to form. à tue dd clear Id e 


al each Seton: + 

ae | . 3 | 2, 

1e | 0 2 2 q > 2 k woe. of 

10 | . #Þ 13 | P 

is * 

AS Il. 

at 4 EIA 

es 1 Cauaenningihe Chief: Properties. of on; Ellipse. | 

© * 8 1 9 "BY. 257 8 
Vote, If the tranfoer ſe Diameter af an Ellipſis, as T & in the 

5 2 igure, be pr or Lare into any un Parts by - 

n an Ordinate ni applied, as at the Points A, C, a, &c. then 

as are thoſe Parts TA, 70, Ta, and & A, SC; I a, &c. ſur 

e ally called Abſciſſie ¶ obich ſigniſies Lines or Party cut off) a by  _ 

| the Reflangle of any two Abſciſſa is. meant the r of ſuch _ 

"I tos Parts af, being added together, cuil be equal ta the Tranſverſe Þ 

Y | ON ĩ ĩ Ot WOT Ons 
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a oeh Bit . e e IRS Sy Ro 
K are e ON by the Help of one . hare, | 
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As the Reflang de of any 


8 two Abſciſſis ; is to the 4 
Tenn Squar e of Half the e qwwhich divides tbem 2 


# oh « \ , 
: 


"8 it the Reclangle of any other two Abſciſſæ: to the 


nt 


TEA OBA . Ke ie joy 


T AXSA:DB A:T OXSC: ONCC 
e — 8 


22 


- DaxonsrrariION. 


"oy f Holf Fat ON we uw them; 


* the annexed Figure repeffent A Right Eve, cut theo both 


Sees by the Right Line 7 &; then 


will _ Plane of that Section be an 
Elli (by SeQ. 3. Chap. 1) 7 8 


wil A Tranſverſe Diameter, 


'NCN' — bab will be Ordinate: 


htly applied; as before, Again, 
e D'dand FI be Any 
to the Cone's Baſe, 2 will be Di- 


ameters of Circles (b 2. „ 


2% = Then will A CE ent. 
be alike. Alſo A Sadand A 8Ck. 


n be alike, | 


EF 
| 55 2 Te: cx: : Ta: lee . 


8$aXCk=adXSC 


3 
4 
X 5 
But | 6 CK XG U NC 
7 
8 
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ra NOCH TCX aD 2 
| BXCEXTEXCR—adXSCXTCKaD: "Y A 3. 


4D K e 3 per Hes * 
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» 1 * 0 


Then | ber CK Chyand aD X a, whe O KOs be 
lence | [89 X XTe: N FCN. 0 Nc. See Page 
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| * gh Cone Fr { 


_ Conſeq 3 HC: Ba:: NC; ba | ; 
| Or 4TC:NC::Ba: ba 1 
4 in (I's 4 TC: UNC: Ba: 3% * 
: „ue Ta * S UBA n Wy. 7 4 
5 5 7 5 ws : | 54% f —_ 
| a X Sa: DU ba: 70 lt {iis uf 
| "nor. 112 X ene ho! Mo, before. T0 
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« 4 0 5 a 
* 75 5 22 . 


its Conſequent, vis. either TC: NC, or T4 * de ; 81 bs, 


_- — E — — _— — —— 


"wo" 


Or, the Truth of theſe Proportions. may be otherwiſe prov'd 
65 2 Circle, without the Help of the Cone; thus: Let any KA- 
h fi be Jr ara and inſcribed with Circles as in the fol- 
E Figure; then from any Point in the eircumſeribed Circle's 
Periphery, as at E, draw the Right Line Ba; parallel to the ſe- 
mi- conjugate Diameter Nc, then will 5 a. be a Semj-ordinate = 
rightly applied to the traverſe Diameter T'S, as before, . A in, * 
from the Peint 5 (in the Fllip/irs Periphery ) draw the Right Line 
b 4 parallel to the Tranſverſe 7 9; and draw the F Rur 2 
* ABCaand A C jd te alike, 


A ie 
Therefore] 1 per Theorem 12. 


ec ee 
Buy 2 NEED; 9 


2 Jt hen 


Theſe ee being 0 tod FA true 500 — oy | 
pen of every Ellipſis, all chat is tarther Noe > in (cr about) 
that Section may be eaſily deduced woot? | 


Feet. **. To find the Lats RecruM,er luce PananerEs wo 
22 Ellipfhs.'" jſt © 


AERE Jie feveral Ways of finding * Latur waz but 


I think none ſo eaſy, and ſhews it ſo all —_— ms 
Omer Line in the Ell;pfss, as the wing 


1 


— 3 I + dhe Tua ned 8 is. in eee to the 
3 11 10 REM. 4 


$3 0nagh $os 10. is the Conjugate + to the Latus 


Sum. 0 


V. (inthe felon Fig.) TS: ; Nu: oY DR the ken 8 


4 4 
Druonerzariex, Foes of IF £ * 
N FE *4 


| From the laſt Proportions ake either of the Amecedents; 
Bb b 


"% 


4 + nia Ts 1 * W cen * * waa 
13 | Hs and it 2 =L R: 
=. Tho IM e * 


bh 0 1 
CXSC= 85 TS. p 
NETS. TS. 0 
rs Nn:: TOLR 


: 5 r 
o d, "6 
4 Thi 05 
| — 


AG 
1 1735 3 | 
3 5 6578 LR=zONnX by: 
"6X DN LR= FO ers 
7 525 TSXLR=ONn 


which gives thefollowirig dui. 
o: Na: Nn: L R 


5 "Ihe ee 0 5⁴ 
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10 by common Proper tie. 

1 1011 $:LR::TaX Sa: HA, | 

_ From hence tis evident that LR, thus found, is Unit Ordinate by 
whichabe;other.Ordinates may be regulated and fodnd. There- 


ſore (according to its re . C I is th he true 
Lang ne. QE. In 905 28 | 


e. 4 11 r r 


i. it ane that if the tranſverſe and nn Wm a 

ters of any Elipſi are given (either in Lines or Numbers) the La- 
_ Bs ley may, be, eaſily found ;' and then any :Ordihate, whoſe 

ance ; from the e is giveti, oy be young, uf aq 


Ses. 3 To find the Foevs of any Ellipts, 


(HE Feeus is the Diſtance ofthe, Latur Reclume . Con- 
jugate or Middle of the Ellipſis (vide Definition 4», Page 
19643 and that Diſtance is always a mean Proportional 22 
-ligbalf Sum and half Difference of the Taler and conjugate 
Diameters, 17 gives this 27 5 5 A 
| rom the Square of half the Tranve fubſtraf t 
* ko Wo Square of Balf 1 the "Conjugate, the: /quare Root of 
0/5 HEQPEM- J their Difference will he the Diſtance of each * 
from the Middle or common Center of the Elli : 
2 7 ſuppoſing the Points fand F to be the two Fei, Vie, 
2 ou nd TC=4TS. NC=4 Nu. Then, TC NC: 
4 Fer Fo: TC— NC: Ergo. ere De. Con- 
3 $i gore FC = /QTC—ANC. N : 
ee Ir IS 1: "2. ” . 
4 , "v4 > > 0 vad er 8 2+ Mo 83. 


| DawoxgraAriox.. 80 
ben 1 N by 8th Step of the Wl Prot. 2 


| F, 
Thatis,| 3 S LR. eee eee SOLF 
4+b 2 Lr Deer 
-f/ 
1 46 N LR AULIN * 
5, 67 EBN HTS . 
9 9 Get Up Late a 


Now from hence is deduced that notable Propoſiion, upon which 
is grounded the uſual Method of deleribing an Hifi, and draw- 
mg of 7 ee, &c. 


If from the two Foci of "any Ellipſistbere be 
Pr | 4 two Right Lines, . as to meet each other © 
| RQPOSITION. in any Point of the 'Ellip 


2 11 the Sum 
| of pf tho 14 Lines will be e ual to f ranſverſe. 
Viz. * Vo * NP=TS. Ht LF=TS. Or 7 B+B N &c. | 
| 1 DEMONSTRATION. 


. f $Ocfd-GNC= OTC qu dr I. 4 
Fiſt, i by 8th of the laſꝶſt. is 
e e nc A 
by Theorem 11 7 
* FS UFC 5 


by Axiom 5. X 8. * 
LA id of] 


* | NE=aTC=18 
Fen STS: LR:: TFXFS: DUE, b common Propetioe. 
Conſe O02 TS;4LR::TFXES; 0 bo 
Bu 1152 —=TC, And+LR= SFP + heh 
Ergq I Te: L E Cp: DEF, . 


ma. fr +OLP=0/L, by Theorem 113 9 * 
DEU fora C * -* 
OEp+OLF=O/L for LF N 
15 0. 4 
12— 


Bu 


2. 


: * 
. " * 
* „ * 
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3 * 


- TC+DOLF=4TCXLF4-OFL - 
nn f= A. 


B bb 2 | - 173 u 


en erer . 
1 5 2TC=fLETFE Bot a T c= 0 7 
1 111 jo e 3 D. be 


83 * : 0 * 
I oth. 
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M A ” - © 


te EW 


155 the 2 muſt nets hold: true to every Point 3 in the: 
"Bl s Periphery, viz. at B, &c, As will evidently appear to 
any one 'whorighth conſiders; That, as a Thread juſt the Length 
of the Diameter of any Circle having | its two Ends tied together, 
and ihen moved about a Point in the Center (viz. by. making it a 
double Radius) will, by drawing another Point in its Extremity, 
deſcribe the Periphery of a Circle; [vide Definition, Page 280] 
even ſo, if a Thread juſt the Length of the tranſverſe Diameter 
67 ) having its two Ends ſo fixed upon the two Foci Fand F) 
dhat it may be moved about them, by drawing a Point in its Ex- 

ttemity (viz. 41 its full e it will deſcribe ng true. te ; 
LY of an Ellipfes... 

Now, altho thiseaſy Way of 3 or, 4 2 s uſually AR, 
"tne an Ellipfir, be mechanical, and known even to moſt 
Toners, Carpenters, &. zet it gives as compleat and clear an 
Idea of that Figure, as any other Way whatſoever; and by de- 
ſcribing it thus about its two Foci, as a Circle is about its Center, 
doth plainly ſhew that thoſe two Points are not improperly called 
particular Centers in Definition 4, Sect. 3, Chap. 1. foreach of 
them bears much the ſame Reſpect to the We * 2 as 
4 85 Circle's ds W doth to its HOI 


F 


3 4+ 


B # Wo. | $8; 4. 7 deſcribe or delineate an Ellipſis revel 1. 271. 


IT are ſeveral other) Ways of deſeribing an Ellipfic, . 
both Geometrically and Numerically, accordimg io pecu- 
har Occaſions, but 1 ſhall only mention two or three of them, 
+" 500 leaving the Teſt to the Learner's Genius, Now, in order to tbat 
Work, it will be convenient to conſider what Lines are requiſite 
o limit or bound its __ which take to be _ en 
"ras; Wa ES 3 py 


45 the "Tranfrerte and cute are given, he Elli, is 
perſectiy limited; (vide Cum ſeclary Page 370.) for if and Vn 
pe ſet at Right Angler in their Middle at 7 andT C or C&S be ſet 
= e from N, or n, both Ways upon the 1 ranſverſe to F and'F, - 
ois. make F N CE V) ther will thoſe Points F and F de 
ute two Fer (by Ach Step of the laſt 3 * the Ellipfis = 
= Bs be deſcribed as above, | | 

wlll 2 2. If 


— 2 a 2 K a — ———ũ— — — — — —— —— 

18 * N * th 8 * " a 

= e * « 2 P P — 6 A 

* : - — * * 7 "mY _ 9 


= * 
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p | . : MY WEIS I 111 52 CEL wh = 
2. If the Tranſverſe Diameter and Latus Res in are given, A 
ts the Ellipfis is truly limited, becauſe by them the Conjugate may. 

| 3. Or if only the Traeſverſe, and the Proportion it hath either i 
to the Conjugate or Latus Rectum, be given, the Ellip/er is there- +> 
by limited. As for Inſtance ; ſuppoſe the given. Ratio. between 
the Tranſverſe and Conjugate to be, as a: tod ;- ont, Wee 
Viz. 4d: 78: Vu, then . Nee | 
4. Ik either the Tranſverſe or Conjugate, and.the-Diſtance-of . | 
the Focus from the Conjugate be given, the Ellipfis'is limited, be- | 
. cauſe by them ghe Conjugate or Tranſverſe may be found» 
"Theſe being premiſed, and the precedent Work a ſitile conſi- 
dered, it muſt be eaſy to deſeribe or delineate anyEllipfisin Flans, 


either geometrically or numerically; 7: „ 
1. To deſcribe an Ellipſis numerically by Point, "4 | 

_ "Suppoſe the "Tranſverſe Diameter T'S=20, and the Conjugate 

N n= 12, (either Inches, or any * | N 
5 other equal Parti) and let them 
croſs each other at Right Angler. 
in their Middles, as in the Point 
C; then will TC= CS = 10, 
and NC=Cn=6, and it will 
be 205 12 :; 11: % 2 AE.” 
Latus Rectum. . alk a> 


* 


; / 5 i . Va | 4 
Again 20: 5,2, Or rather: take their Rats. 
* — — — — — N . < * 7 
1:0, 36: : 10 +1,X40-1: U.. wa af 
1 * 


q 


I:0,36:: 10+ 2 X10—2 +038. || 2: 
1:0, 36: :10 + 3X 103 : s. &c | 
\..,.. ( 190-1%0,36={J f.. Hencey/0g9X0.362=5.976rcmmany 
Viz. 100—-4N , 362 0b. 2. v 9989, 3025,33 Kl. 

Lie , 36 = 043. |y/g1X0,30=585072 &0.=d3 


If ſo many Semi- ordinates as may be thought convenient (the 4 

* . more the better) be found in this Manner, and every. ongot them 
be ſet off at Right Angler from its reſpectiwe Peng in he Traut 1 
verſe Diameter each Way, viz. from 1 t 4, from 2 to b, from = 
3 to d, &c. Then if a Curve Line be carefully drawn umb an 
even Hand thro? thoſe extreme Points a, % d, &. it wil de de 
Ellipſis's Peripbery required. 4 
. * * &.Y 07 


9 


"2 * TY 9 
* en. —_—_— Y = 
es 


= in + Hani ache DFW and Con te 8 given, Ga 
4 7$ and * n, placed at Right An Sb. their Middlss, as a 
Then from either End of the Conjugate, viz. N (or n) ſet off 
half the Tranſverſe Diameter to x. © | | #6 
That is, make N x = C(contj- 5 put ly 
nuing the Co jugate N'n"when it is : 
ſhorter than 7 Or, which is all a | 
8 male C = -N C. 4 
iz Then take any Point in the Line 
= Cx at Pleaſure; ſuppoſe it at Gange 18. i 
HB from that Point at G ſet off the Di- 8 
| _ Cx to the Franſverſe (as at E-vizw make E=C x, 
join the Points GE with a Right Line, pr ſo far be- 
yond Fus to make EB = = MC. Conſequently GB = 7 6 f 
Then, I ſay, where · ever the Point & was taken between C and 
* ae Baud will jul torch cr fall in) the Elips's Periphery. | 


* ik £Y 
2 * f * 
3 5 - 


ese gr ngrt _ 


i Dre bb n Arbon. 
5 Drive the Right LingB I patjtodicular to'T' 8, wi ltB 4 
de Semi-ordinate rightly applet ta the ee Diameter 7 T 8; j * 
then & & E and AA will be alike. 975 * 
Conſe] 1E: AB: : 9702 by Thien ts. fr | 
1, and 2 CET AE: AE; i EG + EB ; EB. See þ. 192. 
But 3|CE-+ AE =CA. EG+ EB =TC. And EB =NC 
Therefore CA: AE: : TC: N a 
6, in 0%} 5A: F AB: D FC: Once | 
Fe, ACAXDO NC. | 
85 EE ee 8 | 
But | jIPNG-DAB=DAE- _ 8 | 
That is, | SO OE SE — n 
1 44JE4XDNC * | 
; 6, 7 e UN- ö | 
8D I CAXONC=0 VNN DABXOTC 
9 + hd DID NEXDFC— DOCAX NC=DOAB X (TC. 
10, Analogy ETC: DN:: DO FC— 0 CA: AB | 
zz That is FOXES? :ONC :r FOX TAX N O48 
| © = which is according to the common Pr res of 4 Ellie. 
—_ ** Foun 8's tal found, _ K. oo 
x Sands QED. 
= * | 70 s Hence 
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Hence it follows, that if a convenient Number of ſuch Lines 14 
E be fo ümwn (4 Above YifeRted)froth dhe Nike Number 
of Points taken betWeen Oand *, & c. heir extream Points as at 
B) wilt be thoſe Points by which (vith an even Hand) the 
may be truly deſcribed, us defote. 


Ot rms envy hy 4] 


by having u thin, ſtreight, nartow Ruler Juſt 

* , made ſomewhat ſharp at both — — from 

N ſervif the Ln er NC. Then, if the Point 

Ruler which repreſents· be gradually or eafily*nioved 

along the Tranſverſe 7 S, and at che fame time the Point or Dj 

repreſenting & be kept fliding cloſe along thie*'Conjugate Na, "tis 
evident from the Wick above, that the End of the Ruler-repre- 

— will, by that Motion, aflign the true *Peripbery e 

| red; for by that Motion the -ſtreight Rage of "the 

Ruler doth ſupply an infinite Number of the forefaid' Lines z/4us 

We pi teal wn Pole, i 


#* 1 * F N 
N 4 " bus 2 8 * 
. | 
p * , : + Þ 


. fin Kate ens dedaced the xls gente bf nat wot | 
"contrived Inſtrument for dg | an Ellipfis'by one Motion, com- 
monly called the 1 5 4 mpaſſes, betig uſually made of 
*Braſs,. and compoſed of three Parts, two of which repteſent (or 
"rather ſupply) the tranſverſe and conj te 'Diameters ſet to- | 
gether at Right Angles ; and the third part_is a moveable Ruler, TH 
'which e the Office of the "laſt mentioned thin Ruler, © 
But bechhſe the making of it is ſo well known to moſt Mathenia- 
tical Inftrument-makers ay to that accurate and .ingeni= 
ous Artiſt Mr. JOHN RO » Mathematical Inftrument- 1 
maker, under St. Dunſlan's Church in Flertaſſreet, london; who. 
for his great Skill in contriving, . and graduating all 
Kind of Mathematical -Inſtruments, may, I. believe, be vel 
called one of the beſt Workmem of his Trade. in Europ⸗ 


it needleſs . to you! E __ In- 


king En- 
es for turning all Sorts of elliptical of oval 2 aj 
» Piture- Ge, | 


Ie from: Pete came that ingenious Hreentionobive 


* 
2 
BF, A 


. 


ae, 1 given, to „ Bn its my AN Soares a — 


5. ay 
e en Fenn 


W 2 n 
* Ake 
F * 


uppoſe he given  Ellipfis to be T NS (in * VE 
Sehens) in which let it be required to find the Tranſverſe Dia- 
meter 7 8 * its Conjugate Nn. Draw within the Ellipfic-any 


tio Right Lines parallel o ch f “ 
other as H b and Mm, and biſect * 2"; 
.thoſe Lines, viz, find the Middle Rd 
Point of each, as at K and ?; * 


then thro' thoſe Points K and P 


draw: a Right Line, as D A, and it F | 7a 
vill be a Diameter; for it will N 1 
e the Elliplis into two equal, © * I ' 


_ Patts, See Defin, = Page 363.] __ 


conſequently the Middle of D A will” be the true Middle or com- | 


47 


12 | mon 92 of the Elipſis, as at C. 


For tit the Nature and Property of all Diameters,. wr 


— 


"they are drawn in an Ellipſis (as it is in a Circle) to cut or croſs one 


another in the common Center or. Middle of the Figure, as at C. 

Upon che Point C deſcribe an Arch of any Circle that will cut 
the Ellipſis's Periphery in two Points, as at B and 6; then join 
theſe Points B b with a Right Line, and it will be an Ordinate, 


thro! whoſe Middle (as at a) and the. common Center C, the 
tramverſe Diameter T & muſt paſs. For B SSS b, and Ba is at 


© Right Angles with TS; therefore the Line b is an Ordinate 
rightly applied to 7 & the tranſverſe Diameter. And if thro? the 
Point C there be drawn the Right Line Mu parallel to B b, it Vil 
DP the Conjugate ; as was 1 15 „ yore; 


: $a. 6. 7 an r Right 4. that may touch 


wh the Wage en in any off gned Poins. 


| 'T he Dems *. Tangents to or from any afſigngd Point the | 
; dg s Periphery, admits of three Caſes. 


Caſe 1. If it be 


4 uired to draw a Ta that m touch 
the Ellipfis in either | We 2 


the extream Points 


meter, as at T or c, it is plain the Tangent muſt be drawn pa- 
rallel to the conjugate Diameter N ng as H wy in the follow.ng 
| * is 3 to be. Nes 12 


* 


tranſverſe Dia- 0 


12 
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Caſe 2. Or, if the Tangent muſt be drawn to touch the Ellipfs 3 | | 


in either of the extream Points of its Conjugate Diameter, as alt 


N ot 1, it is as evident that it muſt be drawn parallel to the 

Tranſoerſ Diameter 7 &, as K M. NN if that Ta- 
ent and the Tranſverſe were E25 | 8 2 
h infinitely. continued, | 

they would never **. 


51 3 But if it be re- 83 — n 
quired to draw a Tangent „% 91 Þ 
that, may, touch the Ellipfis — [ | x 
in any other Point, as at B, ' Is N | 9 
c. Then, if the Tangent ſig. 

and the Tranſverſe Diameter be both contin , | they will indee 
in ſome Point, as at P; and thoſe two, Points (viz. B and P) do 
ſo mutually depend upon each other, that one of them muſt be 
aſſigned in order tq find the other, that ſo the Tangent may b 
hem be truly drawn. Let D = .S. Jy = AS, and 2 = A P. 

Then, if y be N ⁊ may be 1 by this 1 801 


Theorem $42 L'=z. Or, af z be givens 7 may be found by 
this Theorem 4 12251 V 15 2 


5. 


Dewoxeraarioy, 


F 


e the bp he ba, as wy the Nog z 5 will a 
AP and A 5 P be alike. Put x = Aa the Diſtance between 
the two Semi- ordinatet (viz. between B A and ba) which we 
e ſmall.” N 


Then Il: * : % 5 . 13. bp, 
But] 2JD — x5: D N 0.34: Ba by 
That is, 3fDy — yy : 5, — 51+ 5x — Dk ax: 24 0 |: 
1 in O's, AIS: z2— 22x + xx::O84: [0] ba | 
Suppoſe| 5 „o, that ſo x may be every where | 
3, Then D Dy 5. + 2 — B. 1 14. 

4, And] 7|zz: 2-28: : 04: 012 
6, 7 + ee} Dp paw 0D; E * — 2% 
| " r 2 Dyz  , 2 
. 9 45 ohe — + DES = yy — 5 5 TY $4 
10-+ Ju} Ds — yz = Dy —3y 8 2 
covet 5 5ye | e 31 
1 ö C ce n 3 
25 ; 
1 22 


f 


«> 4741 12 Wag eto f 
Tre 10 = the following Analogy, 
6 Di—s:3:; :D—g: D Ve. C494: aa 4 : 


E O71 ty eee SIN 

NH Hi5s)y—Dy- ABD ee bete N 

15 16D DDD ** 1 
17 e üphttes 1 which a neee 


_ e — N 


£ 


The 3 eee of theſe two 1 5 wor 


eaſy, as by the following a. wht | 


1. Suppoſe the Point Bi in the Ellif eh were given, 
7 N it were requir id to find the Point P, &. 

Make TC Radius, and upon the common Center C deſcribe 
dhe Semi-eircle d&, and join the Pojnits C and d with a Right 


Eine; then biſe& that Line (by Prob. 2, Pag. 289) and mark 


the Point where the biſecting 2 would crofs the Tranfoerſe, us 


| # 0 le. Upon that Point ſ e, with the Radius Ce (or Cd) pl , 


another Semi circle, 10 neing the Tranſverſe e 2285 x 
Peripbery, and it will 6 gn the Point P. ye 7 * 
For if D = = TS, y= AS; 8 as before, 
Then. BN 1 | 
Andſz DNN | 
For 4. 44 4% ah. 
NES "But 5 4 2 55 | 


5 (DN 

0 1 206 Fo at ihe Ace 
8 285 3 
Therefore the Point P is ok fond. Conſegyemly, if a 


| Rigbt Line be drawn through thoſe Points B and F, it will be - 


. - the Tangent required, according to the firſt T; beoren. | 


2. T he Converſe of this -is as-ealy, to * if. the Point P 
given, thence io find the Point B in the Eli/is  Periphery. 
Thus circumſcribe half the Ellipſis with the Semi- cirrle T d 8, 
as before ;” and biſect the Diſtance between the Points C and P, 
as gt e, vis. Let Cee P. Then making Ce Radius, u 
on the Point e, deſcribe the Semi-cirele Cd P; and from t 


25 Point where the two Semi- circle, interſect or croſs each other, 
5 at 4, 4 draw the * Line d 9 to the . 


| S, 
* 


which. v eB. and gin 


Q E. — 
IF wo . 4. . 


— —— TO. Fer. x4 + AS. 
% 


) Ellipfis Peripbery with the Lines fb F (or f B F. 


| * 1 
45 


4 = 
# 
- 
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T'S, and it will aſſign the Point of Contact B in the lip Pe- 


ripbery through which the Tangent muſt = map | Ko | 


But the practical Method of drawing Tangent: to any aſſign'd 
Point in the EAligſis Periphery may (without finding the aforeſaid 
Paig P) be eaſily. 1 K. the following Property of Tan- 
gents drawn to a Circle, which is this. 1 5 
3 If to any Radius of a Circles 3G DFE 
there be drawn a Tangent Line (45 H . 

to Touch the Radius f the Point B; the 
two Angles, which the Tangent makes 
with the Radius, will always be two 
that is, SH H gos, 


„ 


In like Manner the two Angler, made between the Tangent | 
and the two Lines drawn from the Foci of any Eli to ne 
hae, of Conta#, will always be equal, but not Right Angles, 
ave only at the two Ends of the Tranſver/e Diameter, 


+ Theſe being well conſider'd, and compared with what hath 


been ſaid in page 372, it myſt needs be eaſy to underſtand tue 
22 Way of drawing Tangents to any aſſign'd Point in the 


_ Ellipfos Feriphery; which is thus: 


Having by the tranſverſe and conjugate Diameters found the twa 
Feei F and F, by Seft. 3. from them draw two Right Lines to 
meet each other in the aH q 3 * 
Point of Contact, as fh and Fb 
(or FB and FB) in the annex'd 
Figure. Next ſet off (viz. —_ 

bd=bF(or BD= BF) an 


\\ 
HR: Ys 
8 Uo. 
join the Points Fd (or FD) with | x — 
N 


8 


a Right Line. | 


Then, I ſay, if a Right Line 


— 
be drawn through the Point of X | 
Contact b (or B) parallel to d E, | 


4s; 


or D F, it will be the Tangent requir'd. For it is plain, that 
as the N H= F NA when the Tangent is parallel to 


the Tranſverſe Diameter, even ſo is the TBB C FBI, 


(and BH CFB NJ and will be every where ſo, as the 
Point of Contact b (or B) and its Tangent is carried about the 


Ceca en 


— 0 
—— 


| Cone Saen. Bart w. 


© Concerning the Chief ede * Ally * ITT Fig 
OTE, in every Parabola, the intercepted Diameter, or that Se 


Part of its Axis, which is between the Vertex and that 
Ordinate which limits its Length, as & aor $A, &c. is call'd 


an Abſciſſa, Sec. 1. The Plan or Figure of every Parabola is 
8 by its Wande and Abſciſſæ, as in t the e following po 


DOE, ty 

25 As any = e 2 is to the $ uare- of its Semi- a 7 
Boa yerdinate : : fo is any other Bis : : to the 93 | 
Lee its Semi- ordinate. f 


That i is, if we ſuppoſe the 9 TR ; 
e to be a Parabola, wherein $a; Los by 
and $4, are Aſciſſæ, and 5b, BAB, x | 
Ordinate. rightly. apply'd, it will 26 5 


de 8s (U $4: 0.4 . 
or 84 : SA Nl OBA) n, 8, 


Points a, 


| A, are taken, and ſo for Ing other 3 | 
Heller 8 
| Ee ape bel 


1 the following Figure H G;repreſent a Right Cone cut 
into two Parts by the Right Line & A, parallel to its Side / H. 
Then the Plain of that SeHion, viz. BYE bB will be a Parabola, 
by- Sept. 5 86 page 11 wherein let us ſuppofe & A to be its Axis, 
and.+.4 ta be Ordinates rightly apply'd to that Axis. 
Again, imagine the Cong to be cut by the Right Line þ x parallel 
to its Baſe HG. Then will 5 be the Diameter of a. Gitelts bY 30 
Sef. a. page 363. and & Sag like wASAS, S I# 
Thereſore NR rs | Y. | 

By Thicrem En. 

1 ＋ — 2 Sc A? . | 
s SER, SAXAG Nba SA lk 

3 * 44% 14 Axiom 3. * : 
1 | HA becaniſe % 
wn 3-01 1 ee. to V 
1 BAL A CCH By Lands: 

Js And | N le . 363 

1 A= Ax TP 

By Axiom 5 &; | 
ls We tide: $4:084 Þ 
55 Ano 17 Nas? Paze 194. 8 , 
N. I 4 — Gio 4 - Q. E. 'D. 


Theſe Proportions being prov'd to be the common Property of 


every Parabola, all that is farther requit'd about that en or 


Figure, - from nme abe 


ect 2. 7 0 + fd the LArus „ or Right edna | 


E:< . 1 of any Parabola. 


— 9 ; „ 


The La 8 of a Parabols hath the ſame Ratio or Fe 
portion to any Abſciſſa, and its Semi Ordinate, as the Latus Rec 


tum of any Ellipſis bath to its Tranſverſe and Conjugate r o 
. * this Theorem. LIE | 


As any Abſciſſa-: is in Propertion to ite Pro Tot 
THzonmN, [to /o it meme 40 SLANG W | 


% 


Let L = 1 Latus Rectum. 
S4: 12:42 L. * where · ever the Points a, and A, 
e in 26 0 VS 


Then 
And 2 & : BA4:: : B4: L 


-b, etc. 


„ 4 of Te 


| i * Per Axiom 5. 


S xe Sext1B4=S Axia, which gives this © 
Analogyſy S: HA: SA:C3BA, the fame: as at the 7th dies of 
the laſt Proceſs ; therefore L (thus found). is the true Latus 


Rectum, by which all the Ordinate: may be regulated and found; 


according to its Definition in Section 4, Page 364. For by the 


mird Step Sa Xx L N a, and by th ie 4 Step & AX L =O 


B A. Conſequently / 52 * L= ba ag TY: SAXL = = BA; and 
ſo for any other Ordinate. 


* 


Or if the Ordinates are given, to Bad their Mſeiſſe; then 


it 12 be, L: ba: : : ba; _ and L: BA:: BA: $A, Oe. 


Conteguenty . fu = Is, and 83 == $4, &c. 


1 


From the ns, TER of theſe Patt it will be eaſy ta 
conceive how to "ou the og 222 Cee thus: A 


Ne * 


3 
| "I 
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2% at doch dens 5 Bel: 
© + Join-thEwertica/ Point & of the Axiryand either arri Point 
Fg Ordinate, as B (or b) with « Right A us S Weng 
and billes that Line (by Freblem 2. page 
287.) marking the Point where the bi- 
ſecting Line doth imerſett or croſs the - | & 
Axis, as at E (or e) and with the Radius 7 ,i/- 
SE (or Se) upon the Point E (or e) de-, 
ſcribe a Cireh; (as in the anmex'd Fi- 17 3, 
gure) then will che Diſtance between 92 

the Ordinate and that Point where the . 
Circles Peripbery cuts the Axit, vir. 1 
R why r) be the true Latus Rectum 5 0 


Jes 1 BY: AR, and be: batt ba r, by Ther. 14. 


M en 
'7 " 


1235855 4 EL. _ Ave ar=L, by 125 iſt and 20 88 above. 


* a 
* 
. 


7 * 


From theſe W of a the Cs ichen, it will 


2 be eaſy to deduce and demonſtrate this following Theorem. 

Wee > = 

Turo REM. F niordinater: : ſo is the Difference 25 thoſe 75 Se- 
mirordlinates: to the Di erence of their Abſciſſ e. 


. Suppoſe any Right Line drawn within the rale as 5 D, 


4 FO parallel to its Axis & A; then will that Line (viz. 5 D) be a Dia- 


ter (by Def. 5. pag. 365) which will make ED=AB+0ab 
DE=/B—«b, andbD=$S A- S. Then it will 0 
s ED: 1 226 5, e to the Theorem. , 


— 


- DrigoneTRarigy. | 


Firſt e by Step 2. 
of the lat Proceſs: 


5 And 4 4 K by Szep 1. 


-| 1 Sof the aft Proceſs. | 
. 1 B 
| ns | 
S x Laet—Saxh=084—toa _ i; | { which gives the 
Ls 185 But SDA n ben, Analo- 
:4=5|6 Io i N 
6, nahbgy|7i;L : 28 555 5 SA—S2 8 
* * Or 1 This 


As the Latus ReQtum : Is to the Sum of any two Se- 


— 
- 


ae, voy S573 > - 


2 3 Concerning the Pamabola. © 383 
| premier Froperyy (Lhe Parabola was fic publiſh'd Az — 
| | AE  bomas Baker, Rector of Biſhop Nympton in 
1 Devenſbire, in a Treatiſe entituled; The Geamptrical Ney: Or, le 
Gate of - Equations, unlock*d;; wherein he hath ſhewed the Geo- 
metrical Conſtructioꝝ and Solution of al Cubic and Biquadratie 
Adfected Equations by one general. Method; which be calls a 1 
e e e from ibis peculiat Property of the Parabola. 


Sek 3. To 1 the Foevs of any Parabols. 


T \HE Farus of eve Parabols i is that Pojnt, i in its Air thro” 
_- Which the Fw Hum doth: paſs, (See Definition 3. Sect 

Hage 365.) Therefore its Behne be from the Vertex of the Pa- 
'a 58 qo! be eatily, 2 either by the Latus r . * 
er Oraina ts Hef. ; 

Thus, ſuppoſe t "Point at F to | 
be the Focus, & the — the Or- 

dinate R E * 'L the Latus Rec-. 
tum, andb.ab any. gider Ordinate. 
Then will 4 F. = 1 L. 


DrMols TAT tox. 


Firſt eee Ark. by Sect. 2. Page 38 1. 05 
NRZ; for the Ordinate RF e e bes 
283 FR=1ML=hLx4L 1 3 
1, 44 FxL=FOL. \ 247 ty 
4 — (> as by Defiaiziop 4.66. % Pays * N 


: ' | f 121 — 
Conſeg age &c. * „ QR. D. 


Sect. 4. To Dance, * drania Patabola ſeveral Ways. 


Net: E, There ate two or three Ways of drawing A parabola 3 

| inſtrumentally at one Motion; but becauſe thoſe Inſtruments 

or Machines are not only too perplex'd for a Learner to manage, 

but alſo a little ſubje& to Error, I have therefore. choſen to ſhew 
ow that Figure may be (che beſt), drawn by a convenient Num- 

ber of Points, viz. Ordinates found, either Namecically or Geo- 
metrically, according to the Data; which if the Work of the 


roy a Sections be well conſidered, mult needs be very ** 15 


T. 


n + o 
a 
a, „„ „ 


- 


1 


F - -*, 0 
2 — 
1 * » 
N | a 5 8 þ 
2 , N 1 N 1 = 
r e ET 9 ons me nts — — at Cen 
, 8 l q e * — 0 — * nnn n 2 ” 9 . 
_ a N 4 . = <a M © * 2 nn 4 i * 7 8 * VEN e * Y; PPS MP * * - = * 
Y 8 * * * * +. * * 4 l 
> 7 7 a 
* . 
* 
* — 8 
> , x : 
= % ly * 9 
L = 
f ” 
- - — 


* 


of any Parabola, the Point F to be its Focus, 


ä Conick Sections. 
1. If any Are and its Ab/ciſſa are ven, there may by 

them be found as many Ordinater-as you pleaſe to afſign/or t 

Points in the Parabola*s Axis; (by Se. 4. page 380) and the 


Curve of the Parabola may be drawn by the extream Points of 
thoſe Ordinates, as the Ellipfis 5 Was page 374” 


24 If the Latus Rectum, and either any Or MM; 6 or its 98 


are given, then any aſſign'd Number of Ordinetes may by them 


be found | Oy Sect. 1. page 381.) either ora or ene 


trically, 


 Parabola be given, any afſign'd Number of Ordinatermay be found 
by it. For & F = Zl. the Latys Retium, and : L R as in 
the laſt Section; and i it will be, as SF: is to OF R;: ſo is any 
other Ab/ciſſa, viz. (S a or S A, & c): to the Square of its Se- 
mi-ordinate (viz. (1 b a, or U B A) according to the common 
Property of the Parabola. 

Althe' any of theſe Ways of finding the Ordinates are eaſy 
enough) yet that Way which may be deduced from the following 
fon: will be found more eaſy and ready in lacht. b 117 

8 \ The Sur of any Abſciſa and fical Difonc 


| ee ion. (from the Vertex, will be equal to the Diſlance. 


¶ from the Focus to the extream Point of t e Or- 


dinate, which cuts off that . 
For Inſtance, ſuppoſe S to be the Herter en 


and A B any Semi-ordinate rightly. apply'd © 
to its Axis & A: Then I ſay, where-ever be. 
Point A is taken in the Axis, it will be SA 
+8 F=F B, Conſequently, if 8 f — *. 3 
8 . 


3 


DevioxsrRATION 
+» Firſt] 1 Sz by the 7th Step, Seck | 
Ergo] 2 F I by Conſtruction above. 8 
2G. 3}; OYA=DFA4+FAxL+4LL Pt ulf.. 
Again | 4 | 48:--FA4 +43L by the Suppoſition and Figure , * ff 
4 x £1 5 | $AxL=FA<L-+;LL, but a TY 
Ege 6 | DAB =FAxL+;LL 
3=—6] 7] D/4-04 iE conſe. 22 erte 
But 85 FB, by Theor. 11. F ſp 
"Bro 9 O/A=0orr is 
g w* 10 FER 5 1 18 db 


bas l 


f = the Diſtance of the PA fromthe "HO of the | 


W p 


wv SW M1 Lew W 7. I. 2 75 n . 3 , 


from the Point 
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This, Propoſition being well underſtood, it will be very eaſily 


apply'd to Practice, ſuppoling the Focal Diſtance given, or any 
other Data by which it may be found. Thus draw any Right 
Line to repreſent the Parabola Axis, and from its vertical Point, 
as at &, ſet, off the Focal Diſtance both upwards and downwards, 


viz. make Sf = F, the Diſtance of the given Fycus ftom the . 


Vertex; as in the Scheme: Then by the Propoſition'it is evident, 


1 * 


that, if never ſo many Lines be drawn Ordinately at Right Anglen 


to the Axis, the true Diſtance between the Point F but of th 
Parabola, and any of thoſe Lines (or Ordinate) being meaſur? 


or ſet off from the Forks F to the ſame Line or Ordinate, it will 
aſſign the true Point in that Line through which the Curve muſt 


paſs : that is, it will mew the true Limits or Length of that 
rdinate ; as at B in the laſt Scheme, VT 


N bn. wee * a 1 T _— 1 | : a 2 - 
Proceeding on in the = ſame Manner from Ordinate to Or- 


dinate, you may with great Expedition and Exactneſs find as many 
Ordingtes (or rather their Points only, lite B) as may be thought 
convenient, which, being all join'd together with an even Hand, 
will form the Parabola requir d. ö * 


N. B. The more Ordinates (or their Points) there ard found; 
and the nearer they are to one anolber, the egſter and exafler may the 
Curve of the Parabola be drawn. . The ſame is to be obſerv'd when 


* 


any other Curve is requir'd to be drawn by Points. 


Se. s: To draw d TANGENT 7 ahy given Point in the Curve / 7 


a Parabola, 


Torgen, are very eaſily drawn io the Crus of any Parole; 


For, ſuppoſing & to be its Vertex, #.-\ 
the Point of Contact (wiz, the Point, 
where the Tangent muſt touch the 
Curve) and P the Point where the Tan- 
gent will interſe& (or meet with) the 
Parabola's Axis produced: Then if 
of Contact B there be 
drawn the Semi- ordinate B A at Right 
Angles to the Axis & A, whereſoe xen 
the Point A falls in the Axis, it will be S PSA. 


0 1 


. 


, * 5 . mw * * 
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Pera the Semi-ordinate b a (as in the Figurd) then will the 
ABA Pandabs Phe alike: Let = 4 8. the fiſt 


D d d 
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* x. 
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REC. * 4 1 7 , 9 2 
4 — > 


„* see Sete Pag 10, 


and 2 =EP; ey x = A the Diftance Wet es two Semi- 


Fate w gangs to be ys near each other, as 1 
1 Then | et 25. . uh T's ; A re 1 
1, 5 Or] '2 f 5E: 54 * See Page — PADEF? ES | | 
Again} 313: OÞ4::3+x ee per Thr Bags 0. 
3, 1 Or 4 du te ps [16a | 23 e 
; 2 in O's} x; | 199+2y=+er+: ji + gy, 8. | 
0 ES } Canrbax::DB4:0 be pr Ny ' 
„ „ 246 355 e: : ax apa 5 
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8 10 1 2 1 i that i, 8P. = 84 1 . 
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ls -- Concerning the chief Properties of the HrezzBoLA. 


N OE, any Part of the Axis of an Hyperbola, which is inter- 
. dCoegpted between its Vertex and any Ordinate (ws. any inter- 
2A — r is call'd an Adſciſſa; as in the n | 


See. 1. GE . 
„ 
3 "The Plane 75 every Arge is properties ty me ee 


5 As ho Sum of the Tranfecrle and any e 

- . \ multiply'd into that Abſciſſa: is to the Square of - 

>, THEOREM. its Semi-ordinate : ; fo it is the Sum of the Tranſ=- 
"44. grerſeand an other Abſciſſe a multiply d into that 

20, - a ah to th 1 725 6 its Semi bent inate. 


1 RD 


* * 

7 7 
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* N (5457 © - v0) *. Cx 4 | * Fat 
Fe, $4 Ablciſs. © . ta FF NY 
, Aud >. F\ | 1 TE 11 F — I 
; Ja / 2 2 ; "4 
4 7 


two Parts by the Right 


0 E l 


Qhap, 4 "Clin the are. OY 


E if Ti bathe met Dia 


Us, BA W e 
A=TS$S+ Sa LL 
Then is TA=TS4-S4 WW? V4. 0 


Auch it will be | 
Ta x Se: fl ren 554 


* That i is, ' 
5 pave $4 x$4: LY 


LO 


| Drxonsraarron: 


Let the following Figure HYG repreſent a \ Right Cone cut inte 

SA; then will the Plane of that dec: 
tion be an Hyperbola (by 8ef. 5. Chap; 1) in- which let & A be 
its Axis, or_ intercepted Diameter, bab and B AB Ordinates 
rightly apply'd (as before in the Parabola) and T S'its Tranſverſe © 
Diameter. Again, if the Cone is ſuppos'd to he cut by 5 g, pa- 
rallel to its Baſe H G, it will alſo be the Diameter of a Circle, | 
e. as in the Ellipfis and Parabola. 
Then will the Ag 4 and ASGA 
be alike; alſo the A Yo h er 
H will be alike; therefore it 


*in be | x | $a; : 8% 0 
And aT: ab: 174 AH 
x 13 Sa x AG = SA x ag 
2 *j4\ Tax AH = TAX 
| Sa x Tax AG A 
3x41.3þ F OE: 
Bat j 6 ag x ab [ab 
And 40 x 4H=0.48. 
7 per Lemma Pa 303 
** i Fax Ta 3 . 
e 
85 which give the 
8. Anal: 9 ee 2 2 2 2 22 Ke. 
* . AED 


We 7 Theſe . are the 3 pr of ev Hy 

; Sola, and do only differ from thoſe of _—_ in 1 
. 5 and —; as plainly appears in the fol- _ N —— 
fuppoſe TS the Tranſverſe Diameter 
common to both Sections (viz. both 
= the Ellipſis and Hyperbola) as in he 
= + &nnexed Scheme: then in the Hb. 
"JN Je it vil de Tx TS— Sd Se. E 

.TS —S, — SAX 8A: 01 NB as by Seat. one's 

1, Chop. 2. and in- the Hyperbola 3 


is TS Fa X'S: Cab: TS +84. 
XA: U AB, as above. There- 
fore all, that is farther requir d in 
the Hyperbola, may (in a manner) | 
be found as in the Ellipſis, due R.-— 70 ne M 
e e . dhe Sign. 5 i ih os: 


mop 


* 
+. 


& | 8-7 FS FOF.:6 a Mas 90 


Y W & 75 . the 155: Niere, or Rien e 
2 . ", TERs an Hypetbol 4. Rc | 
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4 #1 


"ROM the m Proportion take either of the Age and 

its Conſequent, viz, either Ta X Ca: 0 ab. © Or TAK SA 
NAB, to them bring in the Tranſverſe & for à third T erm, 
and by thoſe three find a fourth Proportional s in dhe e 

| and that wil be the Latus Rein, nat 1 6 


__-: :.. 1 E Tax S: Ul ab:: TAX $401 AB, tg re 
Jen t:: 4x A ti A, Se. 
©, 3 3 3 i | | 
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in which all the Ordinates may be found, according tb its Def 


— 45 
Anktad of To then it will be 


3 N 


| TE de 7's 75 * 8 8. 


3 > Po, oo ewas 
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=LR=L. 5 


lowing Proportions, That is, if ve * 


| 1} "&, © 424 75 11 fn 
A Thus 37 + Sa: Nabe: 78% —=the Lalus Rec- 
. A R 
W n e ch call Latin be,, 3 

Then | 2 5 L': : Ja x Sa: UA. | : 


. baba . 18 be true H "op or right Parameter, ; 
2g d 48 vition in LOR. 1. | And becavice TS, + TE” Ta, let! it t be TS 4 Sa 


TSX THIS. X = 4 and in the 


2 rn 


hed. 


9:38 x . 8. 5. "Ts findthe Focus of an brei. 1 e 


1 which the Laiu: Redlum muſt paſs (at in the 'Elbpſis 1 
— it may be found by this Tbeorem. | 


Or $58 | 


i will be CNS d-ha=F Cx, 


* 


* 


Chap 4 Conſeething hs Parabola. 0 


$1 * 
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* — , 
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52 # 


Nau being that Point in the Fyperbula's Axis - wee 


To the Rectangle niade of half the Ta into 
 Abalf tbe Latus Rectum, add the Square of haf 
the Tranſverſe; the Square Root of that Sum will 
be the Diſtance 77 _ CURE 1 e = Ow Us | 
Utb⸗ Hyperbvla-. ** | 


v 
92 * 
+ * n BEA 41 l _ 9. 
= - a> * * 5 % . Ss 


Druoterzarion. „ 


e the point at F in the annex'@ Scheme, to be the Focus 
ſought ; then will FR. = IAI. Let TRE oi £04, AA 
A be half the "Tranſverſe; then sd 
the Point C call'd the Center of the MhEỹr- . 
bola (for a Reaſon that ſhall be hereafter 
thew'd.) W W CS=4. Ca: A © 
=o. Ay 


rf 
(34 : ? 440 ? 
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N J 4 

"Then 4 LEES P 1 

0 en > TSH-SEXFS : Un 

ee W 

e ZI 4 Ae Daene v1 hcl 

9 $4 V di-StbE=&-Fa=FC. i \\B/ < 
1 d ee 


In the Ellipfe ; it is, 2d: LAN 22 that is, 4 4 


2da — da, &c. 


The Geometrical Affection of the laſt Wb is ver y eafily 


perform'd, thus: . make Sx = — * Ls VIE half the Latus Hum; 


and let d, as above. Upon Cx (as a n e pf 
A Nez and at & the Vertex of the 1 
2 draw the Right Line n 8 N 
ight Angles io Cr; then join the 
Pong C'N with- a Right Line, 155 


For | x ES: 28: : SN: 56 ger Fig 
I Sr: SV: 3 L. 

243147. ON - 

But 4 add-CSN=CN | 

„ 41s | 4+ UL=DON | 

5 * [6 . 


Zr the le, s — to its b ankert ad Latus . Por in 
the Lip 78: Nas 2 1 Nn: LR. per Seti. 2, Tage 260. Con- 
ſequentſy f TG: Nu Nu: + ER. But 5 TS = 9, LN 
=" SN, and 148 = L. r on} NL. 

at the ad Step above. 

What Uſe the aforeſaid Line AN is os, in e to the 
OR, will * _—_ on. 


Parte © 1a 4 FI 


858 $6... 75 aeribe an en. in Fla. 


N order to the eaſy Deſcribing of an Hyperbola in Ping, it will 

be convenient to premiſe the following Propoſition, which! dif- 

fers from that of the Ellipfs in Sed. 3, Chap. 2, only in the Signs, 

If fram the Foci of an Hyperbola there be drawn 

| 5 A two Right Lines, ſo as to meet each other in 

hs vl Point of the Hyperbola's Curve, the Difference 

39 95 of thoſe Lines (in the Ellipfis it is their Sum] _ 
N . * Che equal to the Tranſoer 7 Diametn. 


© That 1 if F be the Focus, and it be made C = C F Ay in 
the laſt Scheme) then the Point f is ſaid to be a Focus out of the 
Section (or rather of the e rz 0 165 be . — 
1 ; N a | 


„ J 
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Suppoſe / C, or C'F, + 25 and & 4 let Os, „ . 
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* 25 8 | oP 
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"But becauſe I Zi —_ no Room fox the Learner to doubt 


about changing the guat ion, 4 X — 7 & into that of 
4 + 74 it may be convenient to. illuſttate the whole. 
Proceſs in Numbers, whereby (I pteſume) it will plainly appear . 


that þ - T. 
In order to that, let the Tranſverſe TS= 2d = 12, then &: 


2 ſuppoſe the Abſciſſa & {= x = 4, and the Semi-ordinate. 


7 
Fit Ie, AB:: TS: L, t Seck. 2. 
I, * 12 44K = 4912 1.6875 ＋ 
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10 w? 12 


- Nance of the given Focus, (wiz. tbe it 
Point f without, and F within the Sec- © 8 


ſum'd Radius greater than T. S, de- 1 
ſeribe an Arch of a Circle; then . 


, m— . : * 3 A 8 * 8 IC N 
N N d * A » n © SIS % ' Wh 2 e LE 
* 2 * bs * 0 | oC p N 8 p . WA « 
þ 5 n 77 * _ 1 * * — 4 7 — , „ * * 9 . N . 9 * 1 A, 
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G. | 7 | 269,2224 = 2f 4 . A ML 
: „JJC Di. $i i} 57 
But | 9 g= CAB, for 4 B= 3 By Suppoſition. ©. - __ 
9 10 278, 2224 = fA+OdAB=/B Te, 
9 11 | 21,96024=QOFd+DOcGAB=RFB. 8 : 
o 
rr!!! ² BY Hl 
14 | 12, B- FIST. Which was to be prov'd. 
oo . | 


q 


If this Propoſition be truly underſtood, it muſt needs be eaſy 


to conceive. how to deſcribe.theCurveof any Hyperbola very rea- 
dily by Pointe, when the Tranſverſe Diameter and the Focus are 


given (or any other Data by which they may be found, as in the 


prmnadgent Rule aims: ooo on noma nt 
Draw any ſtreight Line at Pleaſure, and on it ſet off the Length 
of the given Tranſverſe, T S, and. 8 4,08 
from its extreme Points or Limits, 7 
viz. T &, ſet off T f, = SF, the Di- 715 


tion, as before) : that done, upon the <q 
Point f (as a Center) with any a- 8 


from that Radius take the Tranſvertfe « % 2 
TS, making their Difference a ſe- B- 1 2A 
cond Radius. with which, upon the . . 

Point F, within the Section, deſcribe another Arch to cut or croſs 
the firſt Arch, as at B; then will that Point B be in the Curve 
of the Hyperbola, by the laſt Proppſition. And therefore it is 
plain, that, proceeding on in this Manner, you may find as many 


Points (like B) as may be thought convenient (the more there 


are, and the rieafer they ate together, the better) which being alt 


Join'd together with an even Hand (as in the Parabola) will form 


the Hyperbola requir'd, - 


92 There are ſeveral other Ways *. delineating an Hyperbola 110 


Hane? One Way is, by finding a competent Number of Ordi- 


” nates, as by Seckſon 1, Sc. but I think none ſo eaſy and expedi- 


ditious as this mechanical Way: I ſhall therefore, for Brevity's 
Sake, paſs over the reſt, and leave them to the Learner's Practice, 


= being eaſily deduced from what hath been already ſaid. 
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Rap. 8 hos Hyperbola. 3090 
oþ> s. l : = 
Set. 5. To draw a TanGenT to any given Point * the c | 3 2 x 4 

an HYPERBOLA:. F 8 3 8 


The drawing of a Tangent, that wif touch a any given Point 4 
the Curve of an Hyperbola, may be eaſily performed by Help of 
a Theorem ; as in the Fllipfis,. Set, 6, -Chap. * 5:41 
J D=TS the Tranſverſe N | 41 
Let > L=the Latus Reftum, «+ | 

y3=SA the Abſcifſa. 5 
the Diſtance between 
; Ihe Ordinate and that 
And z=APY Point in the Tran: 
| verſe cut by the Tan- > 
gent. 


Then, if y be given, 2 may de 


foundby this Theorem, EY =2/- 


[which differs from that inthe N. 7 99785 4 N 
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> 65. if be wa then my m found * this Theorem 5 _, 
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The Beomettical 3 of the Giſt bf abi - deem is 
very ealy-; for by the 1ath Step; it is evident that there are Fu 
three Lines given to find a fourth Fee Line: [By Prob. 
35 Page 308.] £ \ 

a  $choliiim, ' 

From the Compariſons, which have all along been made in this 


1 between the Hyperbola and the "Ill it will be eaſy L 
even for a Learner) to perceive/the a 
Coherence that is in (or between) ; 
thoſe two Figures; but, for the bet- | 
ter underſtanding of What js meant : 
1 by the Center and Aſymptotes of ar 
FJ « Hyperbola, conſider the annexed | 
= Scheme, wherein it is evident (even | 


by Inſpection) that the oppoſite. Hy- 
=_ —>perbola's will always'be alike, becauſe 
©. "they willalways have the ſame Tranſ- 
'Y * verſe Diameter common to both, r. 
(ee Sea, Is of this Chap. 9. Alſo, that 
the middle Point, or common Cen-. | 
ber of the Ellipſi, is the common Fenter to all the foot” ' conju- ; 
3 i * Hyperbola's. | 
A And the two Diagonals of the Ri ght-angled Paralleloyram; 
which circumſcribes the Ellipfss (or is inſcrib'd to the four Hy- 
. J being continued, will be ſuch 4 8 to thoſe Hy- 
3 i ate te defined * Iz Hef. 5, Defin. 4. 
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either any Ling, SUPERFICIES, or SOLID) by A hy py 
Progreſſion, or Series of Quantities c6ntinually approaching to 
t, which, being infinitely continued, would then become per- 
2 equal to it ; is what is commonly call'd Arithmetict of in E 


and apply them to Practice in finding the ſu 3 and Walid 
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1 a Series of 8 in Arithmetick Progteſſion begin with A 
' Cypher, and the common Difference be 13; 48, O. I. 2; 3+ 4. = 
c. (repreſenting à Series of Lines or Roots beginnipg with a _ 
+ Point). if the laſt Term be wultiphy y'd into the Number 
het the Product will be double the Sum of all the Series. A Nj 

t is, putting L = the laſt Term, N = the Number of 


ben will NL= 28. Conſequently, 4 N Tem 22 
= © viz. one Half of many Times the greateſt Term as there are 
= "Numbers of Terms in the Series. —_— 
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or rather nothing; as in the laſt Lemma. Conſequently, KE A 
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1 beginning with a Cypher, c., (as before) be in- 2 | 
nitely continued, the Sum of all the [Terms in ſuch a Series nl 
will be N L. * oh 8 | 4 f 8 


The Truth. of this niay be manifiſied by. the like Proceſs à 28 in = 
the foregoirig Lemma's, and ſo on for higher Powers. But if any AM 
one deſires a farther Demonſtration of theſe Series, he may (I pre 
ſume) meet with ample Satisfaction in Dr. Wallis's Hiſt, of Age 7 
Ch. 78 & 79% wherein the DoAdr corchides with dels Words; 

2 Fo 
* Thus ae ſhewed, that ini the E of Laterals (or Y 
be Arithmetical ro portionals)' beginnin the Sum of 2. 3.4. YA 


1e 5.6 Terms, is always equal to-half of ſo many times the great 
«oft; and there being no Pretence of Reaſon why we ſhou 
60 then doubt it in a Progreſſion of 3. 8, 9. 10. Se. we conclude 
umber of Terms be ſuppoſed infinite; 
ee Again; in a Progreſſion of their Squares having ſhew'd, thas 
te in 2. 7 5. 6 Terms the Aggregate is always more than dg 4 I 
t it Third of ſo 
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«In like Manner having proved that ſuch Progreſſion 6f 
Cubes doth (as the Number of Terms encreaſe) approach in- 
i finitely near to i of ſo many Times the greateſt, and of Biqua- 
de drates to , and ſo of Surſolids to + of ſo many Times the 
is greateſt, and ſo onwards as we pleaſe to try; and there being 
o Pretence of Reaſon, why to doubt it as the reſt; we ma 
cage it as a ſufficient Diſcovery, that (yniverſally) the Aggre- 
WW” pate of ſuch infinite Progreſſion is equal (or doth approach in- 
_— finitely near) to ſuch a Part of ſo many Times the greateſt, as 
dis denominated by the Exponent (or Number of Dimenſions) 
of ſuch Power (as is that according to which the Progreſſion 
ds made) encreaſed by 1. namely, of Laterals ?; of Squares 4; 
_ * of Cubes 1; of Biquadrates ; (of ſo many Times the great- 
ect) and ſo onwards infinitely”? 5 
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= ThisDiſcourſe of the Dofsr's I thought convenient to inſert} 
_—_ ſuppoſing it may give ſome Satisfaction to the Learner, to hear ſo 
_ Great a Man as Dr. Wallis's Argument about the Truth of theſe 
Series; which I have briefly delivered in the *foregoing Lemma's; 
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ie any two Series or Ranks of Proportionals have the ſame Num- 
ber of Terms (whether Finite or Infinite) it will always 
As the firſt Term of one Series: is to the firſt Term of the 
other Series : : ſo is the Sum of all the Terms in the one Se- 


ties: to the Sum of all the Terms in the other Series. 
(12. e. 5.) 
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That is, 1 3 21: 63 And 4: : 21456; 1820 Ke. 
The Application of theſe Lemmas to e Quantities, 
viz. to Lines, Superficies, and Solids, wholly depends upon gfant- 
ing the following Hypotheſes. Gy. 
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8 - '., The HyroTuEsEs. „ 
1. That every Line is ſuppoſed to conſiſt (or be compoſed) of 
an infinite Series of equidiſtant Points. 1 . 
2. A Surface (viz. the Area of any Figure) to conſiſt of an in- 
finite Series of Lines, either ſtreight or crooked, according as the 
Figure requires. A | 
3. A Solid to conſiſt of an infinite Series of Planes, or Superfi- 
cies, according as its Figure require. * 
Not that we ſuppoſe Lines, which kave really no Breadth, can 
1 a Space or Superficies; or that Planes, which have not any _ 
hickneſs, can conſtitute a Solid: But by what we here call Lines 
are to be underſtood ſmall Parallelograms (or other Superficies) © nl 
infinitely narrow, yet ſo as that theu 8 being all taken and ü 
put together, muſt be equal to the Figure they are ſuppoſed to 
ll up. And thoſe Planes or Superficies, which are here ſaid to 
conſtitute a Solid, are to be underſtood infinitely thin; yet ſo as 
that their Depths or Thickneſſes (which are hereatter alſo called 
Lines) being all taken together, muſt be equal to the Height of 
the propoſed Solid. Now, in order to render this Hypotheſis as 
eaſy for a Learner to underſtand as I can, I ſhall here propoſe a 
very plain and familiar Example; viz. Let us ſappoſe any Book 
to be compoſed (or made up) of 100, 200, 300 (more or leſ 
Leaves of fine Paper ſuch a Book, being cloſe put together, wil 
have Length, Breadth, and Depth or "Thickneſs, and therefore 
.may_(not-unproperly) be called a Solid; and each of its Edges 
| wry evenly cut) will be a Superficies compoſed of à Series f 
mall Parallelograms, every one of their Breadths being only ＋ Oo 
Edge of & ſingle Leaf of Paper; and if we conceive, the Thick- 
neſs of every ore of thoſe Leaves to be divided into 10, or. 
100, or 1000, Sc. they will then become ſuch a- Senes of in- 
finizelyſmall Lines as are (by the Hypotheſis) ſald to compoſt ot 
2 OS > AR. 2 25 fill 


4 * fill up We the Si eee 
e Leaves of Paper will . ſuch a Series of — 
2 * or Superficies, as are ſaid to conſtitute a Solid, viz.” # Solid 
| 4 | 3 as the Bigneſs and Figure of that Book. 

Now according to this Idea of Lines, Superficies, nod | Solids; 
2 3 gone may, without the leaſt Prejudice to any ee . 
orf che ing Definitions and Theorems. | | 


ws... ph | - DgrinzrioNs. 7 | H - 4 b 8 
l Ares of Squares, | and all other Parallclograha ies | e 
eee or filled up with an infinite Series of equal Right Lines. 1 
1 

Con Il. The Area of every plain Trian * 5 is compoſed of an 1 2 | 
Series of Right Lines parallel to its Baſe, and equally —_—_ | 
* until they terminate in a Point at the vertical Angle. - . 


UI. The \rea of a Circle may be compoſed ot of an 1 # | 
ie Series of concentric or parallel Circles, or of an infinite Series 7 


2 * of 1 Lines parallel to its N or of * mugrerable 
If # bi * e of Sectors. * | * 3 


15 e Area of an Ellipfis may be . either of an in- 

| nn 3 of Ordinates rightly a pb, or of an infinite Series 
er Right Lines parallel tous Tranſvetſe Diameter. 3 
VV. The a0 of the Parabola and Hyperbola are vagal of 
= an infinite Series of Ordinates; or may alſo be compoſed of . 
2 25 parallel to its Axis, &c, ; | 
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* VI. A Prifm.is a-folid Body fea or included Ait W- 
Y _ - 37 equal Parallelograms, having its Baſe or Ends equal and alike; 
2 * . and it is generally named e 7 Bo to the ery 5 its 2 4 


x 8 1 Mm 
Wn cur (or Solid like a Dye) is a Pig bounded or ig- 
| cluded with fix equal {quare Planes. 
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x = VIII. A Parallelopipedon i: is a Priſm has bath its Sides KO | 
_ Tor included within _ wi CD and two Moore: Baſes | 
—_ 


_ IX. A Cylinder (or Sold, hie a Relling:ſtone' ina Garden) is. 
—_ 4 round Priſm, baving i its Baſes or pag a 2 Circle 5 


= 2 X. The Solidity; of every Priſm is c 4 of an inte "Of 
. | 2 * of _ 8 Pos ne alike at ""_ its a 1 
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Neunes is 4 Solid a be ee 4 Rn 
== Triangles ſet upon any polygonous Baſe, having their verti- 2 
cal Angles all meeting together in a Point, called the Vertex, and 
takes its Name from the Figure of its Baſe, viz. if it has a ſquare 
Baſe, tis called a _ mid 3 if a inge tis nta 
a triangular Pyramid. c. | , 

NII. A Cone is only a round ppm which tac been * 
read defined in Page 361, &c. 


XIII. The Solidity of every Pyramid is compoſed or alen, 1 * 
ech of an infinite Series of Planes, parallel and alike to thas of its 


Baſe, equally MODA until 7. terminate in a | Point at the” 
Vertex. + 


XIV. A Sphere or Globe, was a | Ball) is a Solid bounded or 
included within one guy Superficies, being formed or gene- 
rated by the Rotation Semi- circle about its Se 
the Axis. of a Sphere) and its Solidity is compoſed or conlffituted 
s of an infinite Series of concentric Circles, whoſe Diameters are 
mie Chords of that Circle by which it was formed. 


XV. A Spheroid (or Egg- like Figure) is a Solid bountled with 
one regular e RY formed by the Rotation of a Semi-ellipſis 
bout 5 tranſverſe Diameter ee, the Axis 4 the prod) 
and its Solidity is conſtituted of an infinite Series ofvconcentric 2 

- Circles, whoſe Diameters * the Ordinates of that — on * _ 
which 1 it was formed. 1 


| XVI. There is another Sort of Solid Vas? an OB Spberaid 
"I being formed by the Rotation of an wi about its Me nog 
2 Danes and it is like a flat Turnip. 


XVII. If a Semi-parabola be turned Wr! its A it Wilk ec 
a Solid called a parabolic Conoid, being compoſed or cou! 

| of an infinite Series of Circles, whoſe Diameters arGghe, Ordinates 
e | of a Parabola. | | "IS. + ; 


XVIII. If a Parabola be turned about its Baſe, or greateſt Or- 
dinate, it will form a Solid called a Pyramidoid, 10 it moſt com- 
N monly a bolic Spindle which will be conſtiy%ed: of an infinite + ul 

Series of Citfeles whoſe Diameters are Right Fares parallel to the 
FParabcla s Axis. 
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8 | 3 


. 

N * 
** * 
. 3 


* 


ot its . it Will LD * :Y 2 
aſks wc conſtifuted of an infi- 


are the Ordugtes of they S. b 


: ..— 

A 14 _— 
ö 
XX. The 2 "= — 

_ 

A ,_ 


1 XX. Lee curve Soperficies of all cirdular . bin Ohle. 
] + Wy dew; Cones, Spheres, &c.) ate compbſed of an infinite Series of 


the Peripheries of thoſe Circles which conſtitute their Solidities. 


that Defoiticecce.grounded oll theigllowing Themning) 

J and therefore, if they were diligently compared with their re- 
ſpectiye Figures, it muſt needs be of great Help to the Learner, 
and would render all that follows very eaſy; whefein I ſhall be- 


gin with what hath been 4 anne me way of intro- 
fp the reſt. 
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3 Plying the Length into its Breadth. 
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vhs B D & FB = the Area of the Parallelogram B D.F . 
25 Lemma 1 „ e with De- F#. G 
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See Prob. 1, Page 339: 
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2 5 'The Ares of every plain Triangle is equel to half ths Area 8 its 


eircumſcribing Parallelogram - That is is, 3 = 1 A- 


"= * rea of Aer D, in the following Figure, 
3 „een eee | 


- Suppoſe the Perpendicular CA to be divided into an > infinite 
=. Numberof equal Parts, as at the | 


points a, a, a, &c. and through | 

4 one Points there \were drawn | — 

Right Lines parallel to the Baſe ny WE. es 

5 (viz. bad, bad, b@dg&c.) 
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on 
wi 
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1 applied to Superficies a0 Sed 2 „ 
But {NL =9, by Lemma 2. And & = the 'Triangle's | . 


Area by Definition 2. Q. E D. | 
Example.” Lel B D' = 26, ud Of = 9 as above; then | 


En xg = Or thus 26 X 7 =117 the 3 

Area u [See Preblem 3, Page 330. J. 
Tx THEOREM Il. | 

The nnen of Circles are in Proportion one to another as « their 


Diameters are. 
\ 


| DzMONSTRATION. 


Let the Periphery of a Circle be divided into any Number 
of equal Arches by Right Lines drawn 
from the Center (viz. Radi;) ſuppoſe _ 
them 8, as in the annexed Figure, 
wherein 4 B is one of them; then, 
if thro? any Point in the Radius there £ 
be drawn a concentric or parallel Cir- 
cle, its Peri 143 will alſo be divided 
into 8 equal Arches by thoſe Nadii, 
one whereof will be a b, and the A Cab 
will be like to A CAB. Therefore 
cab A: AB, of Ca: C 75 ad 
2 Ca: 204 8 4 ;: 8 AB, But 2 Ca d the Diameter 
of the Circle, whoſe Periphery is 8 26; and 2C A'=D 4, the 
Diameter of the Circle, whoſe dre” is 8 AB, Therefore, 
Ec. en Theovem. - | GEP | 


Example. 


In a: 97 Part III, it was found, that, if the jameter of - 
a Circle vo 2, its Periphery will be 6,2831853, Se. Therefore, 


2:6,2831853, Cc. :: 1 1415926 „Ee. r 
Circle who Diameter 78 : 


rolf, 


Hence i it follows, that becauſe Unity, 61 or t, Tn be thade the 
firſt Term in the Proportion, therefore 3,14159265, Cc. 2 be 
made a conſtant or ſettled Factor; which, being multiplied into 
any propoſed Diameter, will produce the Periphery of that Cirele. 

As ate, Inſtead of 3510 59265, c. it * be ſufficient to take 
1 as, 29 2 


ge, then it follows, that 


thn in Shale ry, = ho may be 


and are often uſed in com- 
mon PraQice. 


5 oY 


| A8. 7 22 :: Diam. ; Periphery TE Numbers may ſerve, 


eb 355: a Oy 


THEOREM IV. 


| 7 be Ao of any Sector of a Circle i is equal to heyy the nt 


of the Radius into its Arch. That i is, = the 9 of 


fer. 


CAXA 
2 


Pu NSTRATION. 


Sohne the 8 C A 8 S divided into an n infinite Series of 
equidiſtant Points, as as e, y, &c. and 
through thoſe Points there were drawn _ 
concentric or parallel Arches, as a b, 
22 » &c. then they will be a 8e- 

Arches in Arithmetic Progreſ- 
— beginning at the Point C (viz. o, 
I, 2, 3, &c.) as plainly appears by the 
Figure, wherein the greateſt Term is 
AB L, and Number of Terms is C 


A N. But 1 NL = S the Sum of all 


the Series, by Lemma 2, and & — ** Area, by Deß⸗ 
nition 3. Q. E. D. 
. 


Let the Radius CA=12, and the Fwy ABS, then 


2 
= 48. or r or f X 12 = 48, the Area of the 


Sector A C B. 
- THEOREM V. 


bob be Area 6 of every Circle is equal to hilf the ReHangle of the Radius 
into its Periphery. That is according to Archimedes, à Circle 


i equal to a Right-angled Triangle, whoſe Sides containing the 


Right-angle are equal, one to the Radius, and the,otber to the 
Perimeter of that Circle, Pro. 1. de Dimenſione Circuli. 


The Truth of this Theorem may be eaſily deduced. from the 
| haſt thus; If we ſuppoſe the laſt Sector to be one Eighth- part of a 


LS NE ng 4 A'B* CA will 


be the Area of the whole Circle. But 4 AB = half the Circle's 
Periphery, and C 4= half its N therefore, &c. as pet 
Theor E. D. 


. 


5 


r Example. 1 1 N * * x c 

if the Diameter be Unity, or 1, thePeriphery vin be 1, 144 39265 
Sc. by Theorem 3. Then 3224259205 X4i= 0,78539816, 
Ec. (or 0,7854 for common Uſe) will be the Area of that Circle. 


From hence naturally flows the following Proportion between 
the Square and its inſcribed Circle. | | 1 
| As the Perimeter (viz. the Sum of the four Sides) 
Prondamion. Joy Square : is to its Area : : ſo is the Perts 
e phery. of the inſcribed Circle: to its Areas. 
That is, ſuppoſing 4B = D the Side of the Square, and 
the Diameter of its inſcribed Circle; then 4 5 
4D = the Perimeter, DD = the Area 
of the Square, and 3,1416 D= the Peri- 
phery of the Circle, by Theorem 5 But 
e r 0,7854 DDS the 
ircle's Area. Aud if D I; then 40 
4, and DD=1X1=1; and the Pe- 
riphery will be 3,1416. Then 41:1 
0,7854 &c. as in the Example above. 5 | 
And from hence may be eaſily deduced the following Theorems. 


THEOREM VI * 
The Area's of all Circles are in Proportion one to another as the 
Squares of their Diameters. (a. e. 12. " BOY. By: 


For if D= the Diameter of one Circle, and-d= the Diameter 
of another Circle, then will 0,1854 DD be the Area of one Circle, 
and 0,7854 dd will be the Area of the other Circle; as above. 
But o, 7854 D D: o,7854 d d:: DD: dd. Or thus, let D = 
the Diameter, and P= the Periphery of one Circle; d = the 
Diameter, and p = the Periphery of another Circle; | 

Then 1 | 4D X 4 P=+ DP=4, the Area of one Circle. 

And 2 |4 4X 4 p==4 dp ga, the Area of the other Circle. 
ixX4| 31D P=44 Teer laſt Theorem. 


4 


42 4 


+». 


71 
| 5 2 4, that is, DDa=dd4 
0 | 


9, Analogy | 1 D: nabbed :a, or A: a::; DD: dd 2 
5 78 7 * 8 QE. D. Ts 
e eh 1 wed thr 9 
Hence it follows, that becauſe the Square 1 1 is 1 x ſis 
1+1=1) and'o,78539816, Sc. or 0,7854 is the Area of the 
Circle whoſe Diameter is one (as before) therefore it will be 8 
1: 0,7854 : : ſo is the Square of any, Circle's Diameter: to its . 
Area. And becauſe 1 is the firſt Term in the Proportion, there- 
fore 0,785 4 may be made a conſtant Factor; which, being mul- 
tiplied into the Square of any propoſed Diameter, will produce the 
=o of that Circle, 10 


Note, The four laſt "Theorems do plainly ſhew the Reaſon of 
all the common or practical Problems about a Circle, which, for 12 


the Learner's farther SatisfaQtion, 1 have here inſerted together. 
Suppoling as before. 


D = the Dj ameter 5 | - 

That P = the Periphery g of r hd Circle; . 

UE: | 1 any roſe , 0 

a |. 1 my | Phibl DB eek 6 fl. | : 
Then | 2 | 1: 3,1416::D:P, per Theorem 3. "205 


r 25 


ö 1 
8 | c Suppoſe D= 32. Then 3, 16X 2=100,5312 
„ organ Wl 


* — 
N 1 


Probl. 2, D 72 89 given, to 7 . | 
& 8 3290 * 4, pet Theotem 6. 
"BE 1 4 8 N WN 

l 1 4 232 (as beſcre) E 

Fo N . 

1 Wien the Area required. 


A 


"Res | © | © Probl. 3. P being given, 6 ho find D. 
2 —— [ 5 6 D = 


becauſe , 47s =0,3r83 

5 3,14 —?} or | ctr: P = 5. 
* 7 | | T his being ——— to the an needs vo Exam. 
e Wb 2 
TFT. FS. 


9 [1 
3 9 1 1 1 on ” v : * y => al 9 a 7 * CY d * * 7 F 2 
1 1 o \ - F 4 
a 7 * 4 1 . 0 d 
* * ,T% * = 
"= 


, 
C 
* 


3 to Superliciesand old 4 499.” 
| 1 Prob. 4. 4. P being given, to find 5 
2 @-* 6 Mx "of | 
6 If DD = op or o, 013 edo . 
I 1 | + 6965” 1 3 . 
412 DDS be or s | 
For | Wome 732 * 
74 PP A 12 
"I | v 986965 0 or ono e Ea. 
. *. 10 7 12500 = © or 007957 8 . 
» = Prob. 7 da given, 0 find D. 7 4 N 
s 8% | 17; D=o/ l 1535 4 
E- 4 } 1 
I- | Ny 
* Be |S + Prob. 6. Abeing given, to fwd F. 
5 * By 4 P 212,866 4 or 7 | | 
2 (ial P=4/ 12,5664 4, or P = "IF. 
IJ 45 . . wa 097957, 
Theſe fix Problems contain all the Variety that can Dy pro- 
| poſed about finding the \Periphery, 1 $90 Area of any 
Cir | | 
5 nnn i Ayes G Segment, or Part 
of a Circle cut off by a Chord, that Work will require a farther 
Conſideration. _ * 
Firſt, As to the Data there muſt always be given the Diame-. 
ter; or, either the Feriphery or Area of bh Circle, in order to 
1 find the Diameter. 
5 Secondly, There muſt alſo be given, either the Chord, Wks is 


the Baſe of the Segment, or the verſed Sine, which is the Height 
of the Segment. That is, either B &, or AF, in the preg. 
Scheme, muſt be given, that ſo the Area of the A BCE may be 
found. Then it is evident (by the Figure) that, if the Area of 
the A BCG be taken from the Area of the Sector CBAG, the 
Remainder will be the Area of the Segment BAG, And if the 
Area of the Segment B AG be taken from the whole Area of 
97 * the Remainder will be the Area of the other Segment 


1 


* * 
" 4 S 
x o 
. * — { < * » 
* y * 
, 3 1 * 7 . 
» 
4 * 


* * 3 —8 85 85 the 1 * 


af $3 BC—OCF= B F, viz, ISR 


ho FOE the Arcb B AS YB CA 


© of UE A — 
0 2 * n Il — 
— een 
* 1 


5. 
"rg AM 
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5 7 4 * - j p * 
- — * F N „ = „ 
4 = * » 
_..- * 6 "el 
A 4 *, = * . 
Es Foy — , 
- y ; : , 7 
TS , "8; - 1 * 
* — . I > 
a 4 'S. . 
3 =. "% 18 N 
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XY * 12 Y : 7 n 
S * 2 TE” TEENY F * 
49 1 77. 
of 
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: 
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7% 


* e 2 75 


knee Number. n 5 


Let there be given DA = 32. as in 
Prob. 1. and the verſed Sine AF=6; 
then 2 DAS BC 2 16, Td 

- CA— AF. = CP = 10. But 50 af 
—DCF=DOBF.. Conſequently, 7 „ 


= 12,0 = BF, 
Then, by the Doctrine of plain 


Mp 


be found in Degrees and Deci- f 
Parts. Thus B C: Radius :: BF: Sine <BC F = 31 3¹ 
8 And then it will always hold in this Proportion; 855 
J As the Circle's Feripbery in Degrees: is to its Periphery in 
7 7 equal Parts (according to the Dimenſions taken): : So i- 
. a Arch in Degrees (viz. SCA : to the ſame Areb is 


equal Parts. 


„ That is, 360? : 100,5312 72 515,311 14, 32845 4. Then 


14,3284 & 16 229, 2544, the Area of the Sector BCAG; 
and 12, 49 K 10 124,9, the Area of the A BCG. Their Difference 


104, 3544 S the Area of the Segment B A G. 


Br the Area of any Segment may be otherwiſe found (as molt 
- uſually it is) by a Table of the Segments of a Circle, whoſe Ares 
is Unity, or 1. The Conſtruction or making of ſuch a Table is 


bag very well laid down in Mr, Darie's Book of Ga Cha 
: which he * forms in this Problem. | Poidg 92 


, vo 


PROBLEM. 


| Lines into 1000 equal Parts, to find the Segment to any. verſed 
8 Propoſed, not a 500 of thoſe equal Parts. 


3 Multiply the verſed Sine Fig 55 8 003, and fubſiraQ 
the Product from an Unit or I. 


2. This Remainder you ſhall ſeek in wee common Table of na- 
* Sines, (the Arch being divided into Degrees and Centeſimals) 
-which being found, let its Co-arch be doubled, and. called 4. f 


7 You muſt find the correſpondent Sine to 4; which Swe Yong 
198 you may call , and then it holds 6 2531 853) 017453 


| 15 4 | Circle whoſe Area is Unity, and its Demeter eut by Chord | 


4 
* 


= 
N 


Nov 
Unit, | 
Not 
cept < 
there 
Sines 
re 
Sine . 


V. 


ed 


a 


. | : 
1 * | 1 
"4 e to SG ah Solid. 4¹ 0” "> 
| Now thi Segment being thus found, if you ſubduQ it from. an = 
Unit, you wave the Co-ſegment, &c. 0 
Note, Notwithſtanding what has been faid in the 1 Pre- * 3 
cept of this Problem, it very often falls out that the Remainder 
there ' ſpoken of cannot be truly found in the Table of natura! 
Sines 3 therefore in this Caſe my Advice is, that you make two | _ > 
rations, one with a Sine the next greater, and one with a 
Sine the next leſs, and in ſo doing you will be ſure to have the 
Segment required bounded between the a of thole two” „ 
Operations. | g £1 FS 
Fran Lt it be KP to | find th4 erh, ee, to . ; 
22 verde Sine 263. 1 8+ 


- 


Firſt, 263 * 0,002 = 0,526, and 1 — - 0,526 = 0,474, its 


Arch is 289, 29 being leſs than juſt; its Complemem is 619.7 Dis 


which, being doubled, is 123442=A. 
um 0,1 14533 A = 2,154086286 " 
08346556 = S the Sine of A. 


" 


65 18 14319430686 (0,20 the Se ment. 55 
05 28 I make a ſecond 22 : 
263 — multiplied with 0,002 1s 526. and 1—526=0,474its | 
Arch is 280, zo being greater than juſt; and its Complement | is 
619, 70, which being doubled is 1234=4. {| | # Re 
They 0,0174533 A 2,1537312 N | - JF 
| ' ONT” — the > of A_ | | 


6,283 31853) 123188894 (0,209907 the e 
So you ſee by theſe two Operations that the Segment is bound- 3 
ed, and it is very probable it may be o, 2099s. e 
But to abbreviate this c e FaQor, and this large Diviſor, _ 11 
ſhall here inſert two 'Tables them, which will be Nadz for Pee, 

. and exact enough too. 


| 6,55 Fader... 


Thusfar, Mr. Darie, which Thave be. 
6,28 32h [0174533] 1 here inſerted to-ſhew.the Learner how, 
112,5664/2]- 1,0349060]2| by the Helpof theſe two Tables, and 
18,849513}--[0523599 3} 2 Table of Natural inet, he may 
12541327 ,0698135] 4} eaſily make a Table of Segments, 
{31,4159 ,087 2065] fl whole Uſe ſhall be ſhewed. farthet 
37569916 „1047197 ol ons viz. when f come to eat of 
4329582317] 121730 7]. practical Gauging. In che mean Time 
150,265 f 1396263 8] Ifhall here lay down another Method | 
56,548 701 31 570796 9 to find the Area of any Segment of a 
at 8 Gree 2 1 Circle 


* Circle ſs X4A bk a new a; FI without the Help either of 
a Table of Sines or Pee, having ibe ſame Data 25 before in 


Page 410. 


1 


% VizLet 


24 RR—1 $R4—dd 


CSB FE 12,49; as; before. 


Fo 125 RR = 5973333. 


1 3 24.45 234 284000 18,3529. Laflly, 8,3529 * 12,49 
103, 3276 * Area of the Segment B A E, as before. To 


* Ph 
Tas | 


2s 
* S; . 
C V. 


Circumſcribe any 22 with a Circle; bd fippoſe an . 
Number of Chord Liner drawn therein, all parallel to the 


gate Diameter, as thoſe in the annexed Figure; then it will 
Ke i (DA the Diamtter lg Circle: is to (Mu the Conjugate 
be 


Diameter of the 511 : :% is(BaB) any Chord in the c 


| to (ba in reſpective c 
2 For 8 to the Property K 


it is 


And 


17 
I, 2 


z Hence C: NC:: Ba: ba 


onſeq 


e 4 Na: : Bab : « bab 
ad cf b ac and dN 8 
e 8D: 02 N Bag: Ordinate bab, 4e. 


8 31313333 1 


* 


THEOREM vn. 


4. Fen are to the Areas of their inſcribed 8 fo are Pa 
| | rallelograms to the Areas of their inſcribed Bllipſes, 


As the Square of the Diameter of any Circle: is to to its | 
Area :: ſo is the Rectangle of the Tranſverſe and Con- 
Tognte, Diameters of any n to its Area. 


Circle 


2 4 
— — 


N Ba . 
dy the Property of the 22 s 


$=TC:[ONC::DOB 4: ba” 
ETC: 2 Nr: 2 Ba:2ba 


1 


bens rl, N 


4 the Difference between the verſed Sine and Radiur 
OS half the Chord of the Segment's Baſe. | 


Turo REM. 


155 or 4:Diamator of the Swen Girl. 


e XC=8, the rea of be ue 
Example, r R = 8 C 16, 4 = 7 io, nd 


1 u = 21313333 dd 100 


dindle's inthe Ty FE 


. 


21 _TC:CONC:TS—TAXTa: 2 


_—_, | andolids/ 413 
Bat the Sum of an infinite Series of h C 

conſtitute the Area of the Circle, by D eh k 5 155 vc | 

of the like Series of their fefpeive Of, 234+. do confli- 


te the Elly . Rr n „ 


ck's Area: Ellipſis's Area, by Lemma 6. 
Whence it foſſows that BDB: GE DDD: 


FJ 


* 


bs | : Dd: Elligfs 
TTV 
and of any Fllipſis: to its Area. / lee and Conjugate Diameters x 
% Example. Suppoſe TS= | | 
| and Nu=6; then 3616576, | 
* and Sede sagen 4 the Area of the n * 
2,49 $1 . f "Curallaties- Ty 7 ; 
. t. Hence it is eaſy/ , 
x | conceive, that the ſquare Root if the 
11 7 f the Tranſverſe and con ns Diameters 
4% amatqof a Circle whoſe Area will be equal to the 
Bi: * 3 the Diameter of a Circle to the 
12 of an Ellipf and its nl Circle (whoſe 7 
o its to the conjugate Diameter, and of dhe ſame 
on- That is, Bf jon one to anether, as their Baſes are. 
co 17% or B :b ab; : Area Segment BNB: Area Segment | 
V3. TS: New Ares Segment N: 700 Segment 
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THEOREM vm 1 


rea of eb Ellipse 6 Proportional RES the * 
of its eircumſeribing and inſcribed Circles, 


e Truth of this Theorem, may be Ay. deduced from the 
for ſuppoling'D=T $S, jg . 
n, as before; then it is al. Nv 
23 proved, that DD: Dd;; cir- 
Supſcribing Circle's Area: Ellipſis's 
to. But DD: Dd: DA: 0 
Therefore Ellipſis's Ares : : inſcribed © 
Citcle's 2299825 : Da: dd. 2 Theo. 7 
rem 6. 


* 


a * i 
mae, Let 78 29 36 _ Ny — is as before oY L 
Ir Ny and n "90 3 


x 7 l 
Y, 
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4 
| 'Y 
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\ * 7 
: * 9 g - 

5 * 


1 5 "Thea ll 5 1297 


Sag; - 4=0 he El 
rem, it will be, 101 
01 17,8784 X 2010 

20465750740 

* bee i the lf | 


FR nites pat h. 


WS: 1818, the best Cirelo's Area 
= 0 the lefſer-Circle's Area. 
*; Area; then, according to the Theo- 
84: 4: : 2 1 ee 
= 204657, 0740121 nſequently, 
3 the * of the Eine 
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** 'S a 
* . 
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— 
1 1 + * 8 F " 
- 45 3 4 | ; 
TR 4 — 2 4 * . 8 E; j 
$2 my - F* . ; I L 
: — , : oro 133 Z 
= . * N = | 4 A | a 
4 | 85 * . 0 i \ 
F MY 
, 4 | 
* 5 ; 
4 Fu * 3 


1 ei it = Ng "Wo al gents of an \ Ellipfs 2 its 
2 * Circle, "whoſe Baſes. are par 


* 


Bel to the tranſverſe Dia- 
be as the Areas of the Ellipfis and Cirel Cogn ent B MB. or, 
Circle: Aren of Ellipſis:: Segment ö N 5 *B N "he" 

Nn TS:: 93 6 . nie IG 28 


* 
7D 4 * * 
* n f 


"THEOREM NN 5 


m, ſold eg 9 Priſm (what, Figure ſoeve! N 25 1. of) 
e obtained by multiplying the Area of its Baſe i dat | 


"For Inſtance, a 2 Parallelopipedon (or ſquare Pre e le 2 
1K of an infinite. Series of equal Squares; that of 6 
* '® its Baſe BAba being one of the Terms, and its * "oh 1404 Þ 

Height DB, or G A, the Number of all the 
Terms. Conſequently, the Area of BAba N 
+ D B-= the Sum of all the Series (by. Lemma _ 


I ) which 3 is the Solidity of the e 
don DB 8 4. by Definition 10. 


* 


e 

D engl, WG the 806 of the Baſe B 4 B 2M 

is and the Height DB = 42; then wil! 

6K 16 256 be the Area of the Baſe, anld 

6 42 =10752 the 4 Contept of the + $4 
{Ear a! lelopipedon DB G A. | 


" ff a. ee 5 
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1 N 


* 
4 - 
” CY 
#2x1+ <3 
£2 J. . 
* 2 
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70 %. 4 — 
1 * — 1 


In this Manner you may fod the Solidiry of all regular 9 
nous Priſms, whoſe Baſes (or Ends) are parallel and alike, what 
Form ſoever they are of, that is, whether their oY are 7 „ 
* . „ „ or ey c. b 
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* 7 33 « 


* 4 : , 
* y 4 
* = 2 j 
. : 
* _—_ 
4 
&; , 
1 
* * 
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ee oO 
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3 >, 8 
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2» 
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" Su 


r "Ms \ 9 LF. 
£S ** 


7 


p canis $a 90 the By im, that both th 
105 5 Baſe and Height with i. 5 ha fone 


That is, the Solid Content of the Pyramid 87 Fl the laſt 
nn is one thaw 8 i b "0 


- DEMONSTRATION. ih 


For every Prams that hath a ſquare Baſe (as BA be, in 1 C 43 
laſt Figure) is conſtituted: of an infinite Series of Squares, whale EY 
Sides or Roots are continually encreaſing in 4rithmetic Progre 
beginning at the Vertex or Point V (See T beor. 2.) its Baſe 45 


being the greateſt Term ( 


LL) and its nee _ 


or DB, is the Number of all the Terms =; bn ns - 
the Sum of all the Series, by Lemma 3. 2 ea. 


tent of the Pyramid B Y A, by Definition 13. 


Example, Suppoſe the Side of a Pyramid's Baſe be B A 16. 
and its Height be / C 42. Then 16 X 16 =356 the hes 


of its Baſe BABa, and e = 355884. Or = * 4 
=35 Aae 1 9 = 3584, is the g of tha . 


fd N 


Tran hence it will be eaſy to conceive, that every 
Jof i its circumſcribing Priſm, what Form ſoever its 
viz. whether it be a Square, Triangle, or Pentagon, &c. 


4 11 


3 "THEOREM, Xl. 


The Solid Content of every Cylinder is obtained by erh the. , 


Area of its Baſe into iti _ 


For every Right Cylinder i is only a round 
Priſm, being conſtituted of an infinite Series 
of equal Cjreles; that of its 9. or End be- 
ing one of the Terms, and its Height B O. is 
the Number of all the Terms. Therefore 
the Area of its Baſe B 4, being multiplied 


into DB, will be its Solidity, by Lemma 1. 


vis. Let D= BA, and 264 Then 
. „DN its Solidity. 5 


b 
Pa 
* 


| 1 Fr the Wont If ts 2 be "Ka 16, and its 
Height H= 42. Then 1: 0,7854.: : 16 X 16 2256: 201, 0624 
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Hence | * 88800 chat every ſquare Parallelopipedon i to its 
Inſcribed Cylinder,” as 1: is to 0,78 Or in whole Num- 


der, as $5200 35s very near. And that all Priſms are in 


rtion' © their Ie Wann as the dreas of their 
POT. +; 


HAY; "op HE ORE M xW ky 6 


F: Ihe Cora bee of every Right Cylinder it EM to the Ref. 
85 ang mageaf its Height inte the Feriphery of ity Boſe... 


| That is, D B, multiplied into the Peri phery of the Diane * 
34 will produce the Curve Superficies of the laft Cylinder DB 
64. Fot the Cylinder is conſtituted of an infinite Series of equal 
Circles (according to the laſt Theorem) Therefore its 8 
perficies is compoſed of the Peripheries of thoſe Circles, by Deſi- 
nition 20, But the Periphery of its Baſe BA is one of the Terms, 
and its Height D B is the Number of Terms. Therefore, Ee, 


As by Lemma 1. To which, if there be added the Areas of both 
its Ends (or Baſes) the Sum will be the Superficies of the whole 


& 8 256: 201,0624 the Area of each End or Baſe. 


Cylinder. 


le. Suppoſe the Diametar of its Baſe to be B4= 16, 
and its Height. DB=42; a8 before, then 1: 3,1416:: 16: 
30,656 the Periphery of its Baſe. Again, 1 t 16 * 16 


Then 50, 2656 & 42 = 2111,1552 the Curve Seher, to 


. 0 * man 2 = l 0 boy the End Areas. 


Fe 2 The den = 251 2500 is the $y cies of the 
| whole Oplinder. 4 525 ? ch perf 
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5 THEOREM Nil. 
ner eu, is the third Part of a 


3 
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a Cylinder havin the ame „ Bo 
with it and their Altitudes _ (10, 25 12. 3 


- 
4 


1 | e "= 


? Denon- 
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5 


Example. Let the Diameter of its Baſe 
be BA= 16, and its Height / C 42; 


624 * 
Jaſes and === * = = 2814-8736 the galidity of the Cn 
v/ o, 201,0624 ** 8 e, ns &c. N " 
Cirollary,”\ "v3 


_ Cone as 1 : 0,7854. (Or as 452: 355) conſequently, that 


Druoxsrxartox. BE 

The Truth of this Theorem may be eaſily EET by oaly 
conſidering, that a Cone is but a round Pyramid, and therefore it 
muſt needs have the ſame Ratio to its circumſcribing Cylinder as 
the ſquare Pyramid hath to its. circumſcribing Parallelep e 
viz. as 1: to 3. However, to make it yet clearer, let it * rther 
conſidered, that every Right Cone is conſti- 
tuted of an infinite Series of Circles, whoſe 
Diameters do continually encteaſe in Aritbb- 
metical Progreſſion beginning at the Vertex or 
Paint V, the Area of its Baſe B A being the 
greateſt Term, and its perpendiculat Height 
the Number of all the Terms; there- 
fore the Area of the Circle B A X 3 VCwill' 
be the Sum of all the Series, by Lewin 3, 
which is the Cone's Solidity. | 


"7 


. 


Then 1:0, 7854 ::16X 16 , 256: 201,624 the Ares of * 


Henke it follows that every ſquare Py ramid is to its inſcribed 1 


Y 


Pyramids have the lame Ratio to their inſcribed Concs as the 4 
of cheir Baſes have. 


THEOREM XIV. | Ms. 7 1 


Tbe Cores Suber ficies of every Right Cone is equal to half the Reth 0 
angle bf the Periphery of its Baſe into the Length of its Side. 


The Truth of this Theorem is ſelf-evident from the petite * | 
of a Cone, Chap. 1. Part IV, where it appears that the Curve * =, 
1 rficies of every Right Code (as By is equal tothe Area of 8 — BW 

Qor'of that Circle whoſe Radius is the Side of the Cone (VB) | 
* its Arcli equal to the Periphery ct the Cone's Baſe (BA). 
But the Area of any Sector is equal to half the Refanglle of the 
Reading: into | 1's Arch; by Theorem 4. Therefore, &c. | 


4 H th Tren- 


Y 10 RY 
5 F494 


We A T A of the Cs my & ber 2 5 
V AS 42,7551, and the Diameter of its Baſe, viz. BA 
(as before) then will 50, 2656 be the Periphery of its Baſe, and 


Sane 4257551 = = 107455553s Sc. the Curve of the Super- Toi 


Fcies; 3 to which if there be added the Area of its Baſe, the Sum 
a the Superficies of the whole (viz. ell the) Cone. 
5 Its 107455553 


+ 201 0624 the Area of the Baſe. 


7 Sum 1275 6177 18 the total Superficies, &c es * 
ie The Truth © f this LR may be proved Xe the e 
N 9 55 the 21 Ther, and. u 1 5 * 


-  Scholium., 


From tbe Loth 9 —— 13th Theorems may be eaſily FOE, ſe- 
veral Theorems for finding the ſolid Content of any Fruſtum or Part | 
BY either of a Pyramid or Cone, cut by a plain Parallel to its Baſe 
© Suppoſe a ſquare Pyramid, as B Vd, to be 59 
cut dy a Plane at 4 5, parallel to its . 33 
B B, and it were required to find the Soli- 
dity of the Fruſtum or Patt ab AB; let 
there be given D = B A the Side of the- 
greater Baſe, d = b@ the Side of the leſ- 
ſer Baſe, H= C the e 
| Height. 
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. 
93 
* 


. , 0 
—W . ! = 5,8 2 "LY 


NN | Dd: E. rc wf, 


S the whole Pyramid B PA. 


By "4 FI 1 
4 C= the Pyramide  b cut o 84 Ko 


pon the whole Pyramid BY, 
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5 | 
3 ED, = the Pyramid. 


3 = the Fruſtum ab AB," 
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F _ BE PAF H=the Pam 55 
Th 8 ich i in Words n this following ay ay * | 


; uke. 
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To the Rectangle of the Sides of the two Baſes, odd the. Sum of their L | , 


be 0 TT to 355) therefore it wil 
de 07854” :: DD'+ Da Fd@Xx 3H: 07954 DDE 


Suppoſe ] 1 d, and P= the Fruſum. |. ""_ 
; | ; 15 ; 8 = 

bes 2 DoD de. 7, by we 71h Step of che 
10. |, 3|*x=DD—2Dd+dd 4 8 


Hence we have another eaſy Theorem for” findine the fa al 
WR. nx n 


Fs : 
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| a * . 

i k ＋. * ** 4 * % * 
8 Y - „ 4 * 7 1 | , 
ana: 81 * f 

* 0 N 
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% | ? = = 
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Squares; that Sum, being muzciplied into ane third of the Fruf- 
tum's Height, will give its Solidity. wth 8 3 
Example. Suppoſe the.Side of the greater Baſe BA EZ 16.and 

the Side of the lefler Baſe (or Top) ab. = 12 the Height CP. 

Then 16& 12 = 192. 16 X 16 = 256. and 12 & 12 = 144. 


Next 192+ 256 + 144 = 392. and 32 1776. Or 59a + ml 


X 7 = 1776 the Content of the Fruſtum of a ſquare Pyramrd. © * = + 
And if it were the like Fruſtum of a Right Cone, it may be 
found by the ſame Theorem. Suppoſing D = the Diameterof the | 
ter Baſe, d = the Diameter of | the leſſer, and FH = the 4. 
Height of the Fruſtum, then the Sum of all the Squares Which * 
2 the Fruſtum of a ſquare Fyramid, are to the Sum of all 


e Circles which conſtitute the like Fruſtuni of a right Cone, in 


0,7884 Dd + 0,7854 dd X + H = the Cones Fruſtum, that is, 3 
in the laſt Example, 1: 0,7854 : $117.76: 1394,8704- the like. : - 


Fruſtum of a right Cone. Or becauſe, gte. = 15273236, Se. 4 

Therefore it may be made 1,273236 ( DD + D4-Fad x 1H 9 
(Sche fame Fruſfum; that is, 127326) 1775 (139 47t % C. 
as before, And if you take the Friple of this Diviſor, iz. 


1, 273236 X 3, it will be 3,819 %% DD +Dd + XH S = 
the Fam, ., 


1 F 
| * „ 12 
8 9 , 8 wy 
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59 F IE, 
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metic 5 x | „ 
y "7 heb * * 6 
p , F 
N — * A bt — F p 


F $ 1 4 % . 2 G F & 
va K K « * „ 

3 ' l 0 - " WE . a F af \ a 
ö | 8 7 ENS ez” ol =>, 
? — : % a : . " 0 9 * 

, - 7 1 bf 74 G _— 

N N # % - pI Wee 1 H E 0 R 4 N 

1 * . F - 


Tothe Refangle of the Sides of thegwo Baſes, cdd one third Part 
the Square of their Difference; that Sum, being multiplied into 
the Height, will produce the Solid. F 


Eromplb. Let D 16. d = 12. and W. 9, as before; 
then Ddr 192.:: D—d=4=x. * xx =T—& „ 
9 85 9997 the Solidity of the Fruſtum of the ſquare Pyramid, as before, 
Aid 3,81968) 1775,9997 (1394,87 &c. the like Fruſtum of a 
_ gs 1 ata . „ß 26S. : 
Either of the two la eorems (being rightly applied) will 
| produce the true ſoſid Content bf all F e 2 15 N Py- 
; ramids, that are intercepted between two parallel and alike Planes 
I or Baſes: as above. a r 
But if ſuch Fruſtums are, cut through the Extremities of both 
2 Baſes by a Diagonal Plane (as 45 in tie 4 e 
annexed Figure) into two Parts, 44 7 0a” + 
and 4Bb, called Hoofs; then the Soli-  - 
dity of thoſe Hoofs is uſually found by 
. eividing the middle Term Dd of the 


Equation DB Dd +44 into two _ . 2 
+. Parts, and adding one of thoſe Parts j—— — 
tio the Square of each Baſe. Thus v6 i: 


1 * DD +$4@X75H the great Hoof 4 B b, and dd DKH 
3 the leſſer Hoof Aab of the Fruſtum of any ſquare Pyramid. 
Then 3.819 7).DD +3 Dd X H (==) the greater Hoof of a Cone. 
£ \nd 3,8197) dd + D H (=) the leſſer Hoof, & ce. 


1 Theſe are the Theorems made uſe of by Mr. Darie, in his 

Book of Gavging, and are pretty near the Truth, but not ex- 
* aRly ſo; for they give the Solidity- of the upper Hoof 44 b 
1 a {mall Matter too big, and the lower Hoof AB bas much too 
ae. % 1 ME 


I 1 Togo > 1 2.98 1 


4 * 


„ Now, in order to rectif that ſmall Error, I ſhall here propoſe 
wy the two following Theorems, which come very near the Truth, 


and are more eaſily performed than thoſe propoſed in the firſt Im- 
4 preſſion of this Book, ; . * N f 
| | * | Si 2 TIN 1 4 i 3 ; { * XS e * | frg 
; 4 
1 r . - 


„ 


| * 4 Circle as thoſe two Letters repreſent the Radius of. * 


Therefore | 3 DA To Oe t e 4 


| . bb: 


Fit DD+3Dd FD; z gy be the. Se Ade 
ter Hoof A B B. % 


Secondly, dd + & Da +. £-+D x z 10 will give the colidity, 
of the leſſer Hoof A a 5, of the ruſtom of any ſquare eu 3 
And for the like Hoofs of the Fruſtum of ** right Co 9. K. ' 
will be . 


Thus, ($199 DDS BTD * * 855 „ 
And 3.8197 eee | 5 the leſſer. Hoof. y 8 
* 


Note, In — to FO þ many Words * bi following Demos 20 


7 ſtrations, let © ſignify any Circle in general; and if any two Let- 


ters be joined to it, thus, O B A, Ge. then denotes. the Area. * 


2 5 H E © R "i M XVII. 4 EF 11 7 YN 4 1 
The Fperfei of every Sphere (or Globe) is equal fa 70 T: imer 4% \ 
. +,» the Area of its "ads "ob Circle. #34: 
That is, of 4 Circle whoſe Diameter 1 is "We Wie of the FEY of 
Popes 8 ; bo, 1 5 _ 
If any Circle 74 AT Gs): be turned or eln about is 


b (TS) it will deſcribe a lid B refs a Sphere, wick 
will be conſtituted of an infinite Se- SE CLI. 
ries of concentric or parallel C ircles, 
whoſe Diameters-are. Chords, viz. 
Oab, Oed, Oe, &. by Dehi- | 
nition. 14. Conſequently, the Su- 
perficies of the Sphere will be com- 
poſed of the Per ipheries of thoſe 
Circles which conſtitute its Wlidity, 
by Definition 20. 5 

Let D T, the Axis of any 
Sphere. Then, according to the 
Property of a Circle, it 

will be LP ThxThb=—Qeab 83 
That is 2 DX TI HFT SUD 


F DNG, Fe. 3 * 
The Error is here l which Mr. J. Robertſon takes: 
Notice of in his Book entitled, a Tor WW id n 


*. 
Hence | 


> Here it's a that the Series tie DT, Gyr. c. 

5 are in the ſame Ratio with: Th, T:d, T f, xc. vim. in Arithmetical 
E Progreſſion: Whence it follows, that the O T = the Sum of all 
1 the Circle's Peripheties between T and , and Oe T the Sum 
bl all the Circle's Peripheries between I and d, & c. Conſequently, 


that the © 4 7 —=the Sum of all the Circle's Peripheries included 
between Tard B; that is, © A T = the Superficies of the Hemi- - 


- Be And becauſe OA+DOTC=OAT, and Ac 


AC. 8 O AT S204 es the Superficies' of the 


- Hemiſphere. uently 4 * 4 Sun be the Sperry, of 
| thewhole Sphere. Abh. ; 


% NM LO He Suppoſe the, Ani 7 $= PO 10. © Then B60 
. And 1: 0,7864 :: 256: 2010624 = ="& AC, for 1 D = 


Wks N 


. Sphere, , becauſe Ed is four Times 0, 7854, therefore 
it will Ab: 5 be 1: 3 D : 3,1416 DD the Superkicies 
boek the Sphere (as before); and it is equal to the curve Superficies 
1 0 the right Cylinder, whoſe Diameter and Height are each = 
D che Axis of the Sphere. For 3-1416.D.= the Periphery 2 
- the Cylinder's Baſe, and that, multiplied with O its Height, 
13 "will. be 3.1416 DD the curve Superficies of the Cylinder, 
E. em 12. And if to this there be added the Area of its two 
1 Baſes (or Ends) vz. 1, 5708 DD, then it is evident, that the whole 
" Superficies of the Cylinder will bet to us I. 1 ere in Pro 
1 F of 3 te WA... 


— 4 a» 
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an 


8 Sede e e e 


be eaſy to find the curve Superficies of any Segment or Part 
of a Sphere that is cut off by a Right Line or Plane, viz, ſuch 


4 A . as the Segment 4 71 in the laſt Scheme, whoſe curve Superfi- 


= cies is OA T (as above). Therefore (becauſe [a + 'T b 


= [FaT )it nnn 15 5 . of 


= 4 Set 
1 


I * 25 But if the Axis 7 8, * Height * T b, of the Shins are given, | 


then will it be TSX Th = ClaT; as in the Third 0 _—_ 
PA 0100 Is of Thor 


Then 28726 * 4 = 804, 2496, the Superficies of the whole 


= K 
= 4 een the Method here uſed! in proving the laſt Theorem, it 
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To which if there be added the Area of the Segments Baſe, 
nnn S III: 2 „ 


THEOREM" XVII. 
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A 


That is, of a Cylinder whoſe Heig he and Diameter of its Baſe | 
are each _ to the Axis of the 4 Þ 


2 


9 
Drxoxernarion.. | vi 


Ali to the Work i in the laſt Theorem it appears, that. | 


Oab, Oed, © „ &c. do conſtitute 
the Solidity of the Sphere; and that L 
aT, CT, UT, &c. are a Series of 
Terms in Arithmetical Progreſſion, [7 Y 
AT being the greateſt Term, and 7 C 4 
the Number of Terms; therefore © A * 
TX+4T C= the Sum of all the Series, 
per Lemma 2. And becauſe U at 
= 75 2 ob, CeF— UTA =. 


71 Tf=0 DAT 9 * W 


C4, &c. w erein LJ T , O74, OTf Ec. are a Series 
of Squares whoſe Roots 75, T4, 1 are in Arithmetical Progreſ- 
ſion, J TC being the greateſt 

Terms; therefore © TC X% TC = the of all that Series, 
per Lemma 3. conſequently, © AT XI TCO x +TC=,. 


the 8um df the Series © ab, O ed, © wo &c. which conſtitute the” Ly 5 


Solidity of the half Sphere ATG. Put — the Axis of the 


Sphere; then 4 DTC, and g Bg TC. And becauſe U 
AT =2[ZTC; therefore © AT = 2 © C=1,5708 DD. And 


155708 DD. X 2 xD ==0,3927 DDD. 


Again, © TS TC = 0,7854 DD X + D =0,1309/ 05D; | 


then 9,3927 DD D=041309 DDD =0,2618 DDO the Solidity 
of the Serai-phere ATG, conſequemly, o, a6 18 DDD X 2220,5236 


DDD will be the ſolid Content of the whole Sphere, which is 
equal to two Thirds of the Cylinder whoſe Diameteriof-its/Balſe 


and Height = D. For 0,7854 D D D: = the Solidity of the * 
lindet, by Theorem 11. But of 9,7854 DDD 0.596 DD 
as before. * &c. 46 by A*. oe. 85 
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4 e 2. e 4 Azia D= 3 32 DDD= 8 857 
„ "Th 6,5436 5 409. ; ; 2144-4636. the ſolid Content of a ts :D 
ISP Sp ere. 1 2 N aa: 1 an 

; 5 3h F ö Fe , i. | . 2 ; . 
* EY . „ 72 A F N OL WD df 
A f 7 5 , * Fa : f & k 2 Collien. N * N * 1 5 q e by | 5 be 
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b 1. Hence it appears, that che ſolid Content of every 8 is 7 
9 to its Superficies multiplied into one ſixth Part of its Axis. 
For its Superficies is 3,1416 D D, by Theorem 17. But 31016 
. 5. Þ 550-5996 DDD the ſolid Conners as s before. | 
___”— . 2. Abd hence it is „ alſo — * that therk i 18 the like Rao 0. 
Habitude between the Cube and its inſcribed Sphere, as is be- 
wärt the Square and its inſcribed Circle; and that is, as the Su- 
perficies of any Cube is to the Superficies of its inſcribed Sphere 
ii ſo is the ſolid Content of that Cube: to the ſolid Content of 
3 ue Sphere. [See the Circle's Proportion, Page 40). For if D 
n the Side of the Cube, then 6 DD S its Superficies, and Dp 
e its Soldity; and 3,1416 DD = the Sphete's Superficies. But 
| 6'DD:: 3,1416 DD: DDD: 1 DDD the Solidity of the 
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— - pSerss 


185 : N as $ above: 

3 Pi „ 
1 . f * 7 A* Scholium. F $ 4 
e eben 1505 Proof of this Theorem it will be eaſy to Ude 0 or 0 
raiſe Theorems for findin "S the ſolid Content of any Fruſtum or Seg- f 
= ment of a Sphere; as 4 7 m in the laſt Figure. Fot we. there ſup- 1 
_ woe" the Segment a 7 n to: be» conſtituted of an. infinite Series of t 
FE - , Circles, which have the ſame Ratio with all thoſe Circles that $ 
_ conſtitute the Semi- ſphere. Therefore it follows, that © at x2 T'b "t 
hd ©3TXx.43T bwill be the Sum of all the Circles intercepted 1 
” 93 — 7 — b. Conſequently i it will be the Solidity of that Seg- ( 
ment. And becauſe Ls = QU T: thereſote ( 
.Dab+OT3 x4Tb—© T5 X che ſame /Solidity | 
A ks Let a b half the Segment's Baſe; b=Tb its Height; and 6 


+ = the Solidity of the 5 or Fruſtum Then O . Y 
„ * Hon” Th 8 hb. 3 | 


* 3 
7 vil become 3 2 = 750 X 0,5236 f. Or 1 gps 3 Wy 
2 TD for G = £30000 .(1,9098 55. Wah, is one 


1 tem for finding the 2 5 0 . | 
= 3 + 0% ws. . 
1 LE a 8 * : | 2 weed | | A | * * 44 


WT 6 3 p 8 * 1 " 
* 2 8 * 1 % a 
73 + > . Un | * 2 : +. 
x % ag 4 
. 5 _ _—_ 
: * Ks . 0 1 4 


e the Height of the an ati che 
and the Height of the Segment be given, then putting D the 


be D==bX}= cc, via Db = cc. Therefore: 3 DU 
. « — 2 bbh = z ccþ + bbb. en 3 D — B N , 5236 
A = & the & Full 's Solidity, 985) 3 Obb — 2 b 
8. T3 A As before, "Which i is "eco edrem Por, finding the 
6 ſame Fruſtum a Tm. bs 


And if it be required to 50 the cdl f Part « am „ x del 


dr called · the middle Zone of a Sphere, WF. A. w 
be then becauſe it is fappoſed that am 1 | | 
1 = NK, ur which is all one, that 5 
re  C=2 CB, therefore it is plain, hat, 
of if twicekhe Segment'a T m be taken 0 
D from the Solidity of the whole Sphere, 
D there will remain the middle Zone a 
ut m NN. But, becaufe that Work is 
he a lift|6'tfoubleſorne, I mall here ſhew 3 me 
how to raiſe a Theorem for the do- 8 3 

* ing it. | s 

Firſt, Becauſe 4 C= =}. 0. =; In = c 2 7C. "Therefore it 
1 will be e e 
or DAC CDS c. W becaiſe f AE 40. 
g- AC, &c. ate à Series of I Fog 5 C the Number of all 
p- the Terms, therefore [ACK Ch ="the Sum of all that” Series, #., 
of by Lemma 1. And UC. Cd. H, &c, being a Series of 
At Squares whoſe Roots are in AritFmetical Pre grefſion, beg ning at- 5 
1 the Center or Point C, V2. o, Cf, Cd, Ob, Ec. wherein e 
ed greateſt Term is CT Cb, and Number of Terms is Cb. Ergo] _ 
g- 65 Xe the Sum of all the Series, by Lemma 3. Conſe: 
re quently, the ©ACX Cb — © Ch X* 0 the Sum of All the 1 
ty. Series Oy. Oed. Od b, Nc. which do conſtitute the Solidity 
nd * of the half Zone am AG. And becauſe UC CSU. 
16 Era ZSO. Conſequently © 4 C X'Cb— 
5 Y ACHE ec G CP He Be: F a 
FN when or the ben Zone. 
, | 
ne put DAG SAC San and 1 


Then A C= 0,7854 D. © a b = 0,1854 1 . "And" f 


E we turn the common FaQor o, 7854 into the Diviſor 127323, 4 
te, a ; 111 and 


Diameter of its Baſe to be given; but if the Axis of the Sphere, | , 
Sphere's Axis, 5 = the Sogmeat's Height) and c as before, it will * 


21 0 % wv 


wr * 8 2 'T bole of Gp "Divilor, viz. 3. "vn (as before 
off 4 in the Fruſtum of Pyramids) the Reſult of the precedent. Work 
* * ut produce this following Theorem... Ws 


'THEOR. ** be = [be middle Zone 


"I - wa, 38197 x 2 NR. ö 
8 rn ron . 
ae. ere in Proportion one to anotber as the Cubes of their Die 
"1" meters. 8. . 1a.) 8 
l -DzmoNsTRATION. 


8 Suppe D=the Diameter or Axis of any. Spherez ik d=the 
. Diameter of another Sphere, either greater or leſſer. Then is 
WH 0, 5236 DDD= the Solidity of one Sphere, and 0;52364d4d = the 
1 Lale of the other Sphere, by Theorem 18. _ DDD: ddd: : 
3 DDD :o, 236 ddd. | Fo D. 
THEOREM, XX1.- 4 


* * 


The fi Content 1 every Spheroid is ; equal te two o Thirds 2 its cir- 


| cum ſeribing Cylinder. 
M 6 | DEMONSTRATION. - 5 
= . te „ Figurd Ya Nin the annexed Sams, to re- 
= _ preſenta Spheroid, formed by the Rotation of the Semi. Ellipi 
9 T NS, about its Tranſverſe Axis 7 & (as by Definition 16.) 


. Let D =T S, the Length of the Spheroid, and the Axis of its 
= © _. circumſcribing Sphere; and d=N 7, the Diameter of the greateſt 
_. Cucle of the Spheroid, Then becauſe EJ TC:DONC:: UA: 
b, by Step 3 in Theor. 7, therefore it will be B D:; 44::0 
"FN 435: DU b:: GA: Oda, &c. Bot the Sum of an infinite G. 
* x ries of ſuch Circles as © Ab (whoſe Dia- 
meters are Chords) do conſtitute the Soli- 
dity of the Sphere (as before at "Theorem 
- 18) and the Sum of an infinite Series of ſuch / 
Circles as © «b (viz. whoſe Diameters are f 
Ocdinates of the Ellipfis) do conſtitute the N 
+» Solidity of the Spheroid, by Dehi. 15, Ergo 
DD ad:: 0,5236 DD D: 0,5236 dd D = Ka 
* the Solidity of the Spheroid, by Lemma 6. 
- * But o; 52 35 dd D; of the Cylinder whoſe . 
"EP Diameter * 45 and Ow 15 by 


©. ia nn KY _ 


F 


„ 


* 


TEAS. 
* * 
o E 
3 
* 


3 


ne Pty "Og "I; 


5 8 © Now, from this Proportion enter the 2 and its inſeribed A j 
g Spheroid, it will be very eaſy to deduce Theorems for finding the * 1 
he ld Content either of the Segment or middle Zone of any "PR 
£ r0id, having the fame Height Fith tha of the Sphere. M 
; | Ar the Solidity of the ary Sphere : i is to the $+!;dity of * 1 
6 For 4 whole Sphergid : : fo is any Part of the Sphere : to the bi Foe 
"4 a { Part of the Spberoid, 1 the 3 to Lemma 6. | * 
ba for Inſtance ſuppoſe 1 it were requited to find. the middle 1 
he Zone of any Spheroid : Let —TS, and d= Nn, as above; and J 
by Hb B, x = AM, as in Theorem 199, and let c mn. Then —_— 
5 —_ XH= the middle Zone of the Sphere. And o, 52 36DDD .- 
"= 5 A 4 
, 2DD-+-xx 24d X H , dd X 8-7% 8 
0,52 36 dd D :: * H 2 — N = the 8 
middle Zone of ch&phervid. „ 
ir | Again, DD: dd: xx: ce, | 
2 Hb FR H, which any taken WING of. - 
DD 33197 3,8197 _ 
dd X -...< 
fe · — there will file this followin . #:. . -—- 
3 RS wt "Rn 8 . 
2 ce 1 N the middle e 
its THEGIREM FR 3.8197 * Lot the Spheroidd 
eſt being the very ſame with Theorem 1 -4 
4 Note, In the ſame Manner you mav, raiſe Theorems for finding the... 8 = 
* n of | 4 Spberoid, cut off at either of its Ende, Co. 
2 1 THEOREM XXW., | | 
\ | The Area Hows Parabola is equal to two Thirds of its circum- 
\ 
fun Parallelogram. 
N 11 5 
| ag  DexonsTRAT1AN. | 


Fel the Figure SAB repfeſent half a Parabola, Make D B - 
parallel to the Axis & 4, and & d parallel to the Semi-Ordinate. 

| 1 , and ſuppoſe S d to be divided into an infinite Series of equi- 

' diſtant Points, as f, g, b, &c. and from thoſe Points imagine a 
3 1112 "2 * 


_— 
- 


* o La 4 


* 2 of Paral | hs VIZ, 3 Bw c. to ahh 8 
of the Pazabola, and meet the Semi-ordinates ma, n e; vb bee. 


. 8 Then, according to the Property of the n in will. 


ISA: UA:: SA U er 
= U #3 SAT) AB:: Se: Dow &- i 2 . 7 N. 
a DAB::Sy: b, &c. | 3 jahr 
A l Sa=fm. Se=gn. Sy—bp.. SA—dB* i, Nr 
1 Tberefore alternately it will be ch 7 
_ 3+ 4 DAB:dB::Oyp:hp © fl f 
3 2, ö 5% UA: d Hen: gg ; E 94 
i I, 6. UAB: dB:: U am n, ec. — ＋ * 


= . * 5 
0. is theſe Proportions I am, [I en, 2 175 &c. are a Series of 
Squares whoſe Roots Sf, Sg, Sb. & c. are in Arithmetical Progreſ- 
"oh ſion, beginning at the Point S., And becauſe the Lines bp, gn, 
pm, & c. have the ſame Ratio, thereſore they are as ſuch a - 
FSgerieés of Squares, wherein d Bs the e and & d the 

X 


Number of Terms. Conſequently = the Sum of all 


* | -thoſe Lanes, by Lemma 3. But 84 * AB —= 1BX $9. Therefore 


2 S the Sum of all that. Series of Lines; but all thoſe 


23 "> [5 s do conſtitute the Area of the Semi-Parabola' 8 Complement, 
Jy vit. the Area of what half the Parabola SAB wants of «corgpleating 
or filling vp the Parallelogram'$4 A B: Wherefore SA X 215 


Ax == A vil be the Ates of half the Parabela 9 4, 
4 . NA 95 1 WO 81 the Ae * the whole Para- 


de Q.E. D 4: 1 2 ki, N E 
Example. Suppoſe the : Baſe, or ed Ordibite, ebe. 
bola to be bB==24, and its intercepted Diameter (or Axis) be 
an: e e d and 3 1584 \ 
1 he he Area of that Nansen. 15 „ | 
That do | 1 
I K E Of RE M XXIV. 


* 1 
" Fury, Pareboli ee ego! ta one Half of.. its er ele 
14.4 mae 
x ? 
a G 8 « 
e 


Deuevsr karo, 9 +8 "Ie 
if any Serni-Parabola (as BS) be 8 n 


Axis (SAN, it wall ferm a, ſolid Parabolic Conoid, conſtituted of an 
infinite Series of Circles, viz. ©ba, © fe, © 2 y, &c. by Defi- 


a 


45 


nition, 177 A 1 

Now, according to the/ Property, of exery. Parabola, i e . == 

4: 4B: 4 B: ws — =T, the Latus Reihen. R 
Then Je TY (( AE 6 


Here Sa X hy SeX L, S XI, &c. ate a. 
Series of . Arithmetical Progreſſion; 
therefore, 3, e, EE 3, &c. are alſo. 
| a Series of Terms in the ſame Progreſſion, be. 
zinning at the Point &; wherein. AR 
the greateſt Term, and $A the Number of all A 
the Terms. Therefore MAR ASA = the. Sum of all = de * 
ries by Lemma 2. Conſequently, © AB X48 A4=the Sum < 
all the Series. Q., Qfe, © g 3, &c, which 505 e 
Solidity of the Conoid. And putting. B AB, 8 
Then o, 854 D DX IA HS „3927 D H will be the ſolid 
Content of the Conoid, which ĩs juſt half the Cylinder whoſe Baſe 1 
= D and Height H. [See Theorem 11, AED 

This being underſtood, it will be, eaſy to raiſe a Pheorem if *-.,- 
bnding the lower. Fruſtum of any/Parabolic\Conoid; Fon ſupp 
ing dorm the Height of the Fruſtum, and pr Sa the Heig 
of the Part b & cut off; then 5 + p=8 A; the ths of = < 


whole Congid. ' Conſequently, — DAR, 5 =, Solidiry 4 
of thewhole Congid, And, SES he 9s . . 


kan y of Fer: cut off. if 
Dee 
Ergo "4 CFEMEV 7 40 0 
; the Solidiry of the Fruſtum. 
But a b: AB:: p: U | 
Conſeg. 3 p: © AB:: f: O 
3 et Gemen, 


| N ANES 
42 60 AB e n 

OAE N 2F—ObaXb ; 
OK + © ba Xh=2F N. 


"4 Fey AB+© ba X b= — F the Pruſtury 8 Sante, 


1 * | Let D= 2 AB, as Liam and d<=2ba the Diameter of the 


Pur cut off; then we ſhall have this following 


% THE 0,3927 DD + © Nadatdt XA="the 
uy Aeon XXV. oF Voice of the Fratturm required. 


2,5464 Xb= the Fruſtum; for, 3927 1,0000(=2,5464 


4 "4 becauſe 2,8464 9 2 4 Rn = we 52 therefore it may be 
4 made 3,8196) DC dd XL b (= the ſame Fruſtum, c. 
£ * Noe © 'The Reaſon why I have reduced this Theorem to have 


the ſame Diviſor with thoſe at the Fruſtums of Pyramids, &c. 
Will beſt aer farther on, VIZ. when they all come to +2 
ai to 4 ice in Gauging.” "6 "7 


* 


2 3 HE ONE N XXVL 


*. Paratlc Spindle (or Pyramidoid ) is equal to PO Fi Jin 
5 . its 3 Cylinder. 


7 -. 3s 
. | . 
* * 9 


DzMONSTRATION. © 


* 
"* 


A | | 
W ay acute Parabola, as 5 & B, be turned or N ont its 
greateſt Ordinate b 4 B, it will Kum a Solid called 4 Parabolic 
EF _ Spindle; conſtituted of an infinite vo © m a, © ne, Pp» 
PM ee. by Definition 18. 

= Let us ſuppoſe the Line & d, Wade to A B, &c. (as at Theo- 


1 ; rem 23) then it hath N been proved, that the Lines f n, 
2, bfs Rc. are a Series of quares whoſe Roots are in Aritt.- 
=  metical Progreſſion: conſequently their Oey _ [J * . 
285, &c. will be a Series of Biqua- 5 4 


drates, whoſe Roots will be in A- | 
-ithmencal Progreſſion: which being 


«uf eie * may proceed chus. 


eie e 
1 go 2 n 0 1 Hee ts TH. v4 "= 
| * 1 16 
% * 
® f % 


— = iz Þ 


1 4 
_—_— oats, 
TIT 


1 l ) uficies and Solis 433, . 


16. | 4 OSN fm 1 ma þ 
2 @-* 5 S e 3 e 
36* | 6 DSA AHD Op, KC. * 

In 05 Equations the SA, 18 A, OSA being a Dries if 
Equals, and AB the Number of all the Terms; therefore it will 
be . SEX AB= the Sum of the Series, by Lemma r. 


2. Becauſe fm, g n, b p. &c. are as a Series of Squares wherein | : <1 


. „ A is the greateſt Term, and 4B the Number of all the Terms; 
N | „ IT — will be che Dany of all © 
that Series, by Lemma 3. | 4 5 
3. Ang the Ofm, Hes, © bp; vc. vill e's Sails of 
. Terms in the Ratio of Biquadrates, as above; Id B=DSA 
being the greateſt Term, and AB the Number of all the Terme; 
: 9 therefore it will de —— * = WP Surn of * ** 


dy Lemma 3. | 084 7 
Whence follows, that SA A 2 5 + 


| 9 as > = the Sum of all the Seriesof O ma, . 


| Ke. That is — the dom of al the Series 110 * 


a, Une, 0s, Q dB. &c. egen : 2542 " AB _ 
the Sum of all the Series of OHM, One, © þ y, &c. which 1 
conſtitute the Solidity of half the Spindle, viz, of S AB, Therefore 
putting-D= 2 S A, ard H=2 AB, (viz. b 4B) it will bes 
o, 41888 DDH the Solidity of the whole Parabolic Spins 
3B, being 17 of 0,854 DDH the Solidity of its cireumſetibing 
Cylinder, F AE D. 
| From hence ws we may alſo raiſe a Thedidho for finding the 
Fruſtum S A py of the laſt Figure. For OS A ker - 4 
Term, Op y tbe leaſt Term, and Ay the Num of all the 
Terms or Circles included between A and 7. 


7 | ee — n vB 
" es Sum of all the Series USA. Due, OgnOfp R 4 |; 
LT. | 024—264xb r 4 = = KH 


"Therefore 


1 I 
= 
* 
. * * 
1 ; : 


2 1 


| ce "ACA ke. it Ay 
| Th & 20 84. ＋ 5 —4 e 2, ere 
1 * all the Series of O. A, O ia, '© 1e,-©'Þ'y, Which do c 
"Aitate the Solidity of the Friſtam"s 2 py. \' Therefore purtifi 
=284, as before, C="2 py," *=zbp, and agg, 
| 15708 DD + 0,78 4 CCo0,1416*%x X + H = 
. ol 8 S Ap y. And 185 We make Fo 2 . en 
| en + 957854 4CC-—0, 1416 *x K L= Double of 
that Fruſtum, being the middle Zone. And by turning theſe Fac- 
Them into dne common Did iſor, as in the Fruſtum of the Condid at 
heorem 25; Page 430, there will ariſe this following Fd 


3 e TORE. XXV I. * 
L ——— — 1 r * 2 
he | A — hs A tots {or 


—Ixoaj 2 ÞD + COD Oh ie Xe LA= © 
Et the middle Zone of a Parabolic Spindle. "SE 
1 may 2 expexted that Tſbould now” proceed 0 lber 5e 

the A of any Hyperbola, and the Conde of ſuch Solids a8 

may be formed by the Rotation of that Figure about its. Axis, 

Sec. may be found; but becauſe thoſe Things eanndt be exaAly 
3 by any certain br ſettled Theorem, as theſe of the Circle, 

1 llipſis, and Parabola habe been, I have therefore omitted them, 
4 3 | r the Reader to Dr. Mullis's Algebra, Chap. 9o, & c, or 
= tothe Pluloſoph. Tranſact. Numb. 34, Wherein he may find the 
=. Method of forming infinite Series relating to the ſquating of an 
1 Hyperbola, & c. which are too tedious to be fully explained and 


— nien 1 ſhall here conclude. EF 


- "* 
. PIG. 1 
* = 
As = 


; > * f A 


eee in this ſmall Tract, it being only intended as am In- 


A * 9 E N D I I; 


\Pngericar, Gebeine. 


| HE Art of e is that Branch of the . 
| called Stereometry; or the meaſuring of Solids,” becauſe 
the Capacities or Contents of all Sorts, of Veſſels uſed _ 
for Liquors, &c. ate computed as tho” they were xeally- ſolid 
Bodies; which any one that hath made himſelf Maſter of the 
* bing Parts of this Treatiſe may ealily underſtand, without 
y farther Directions. 2 
N 122 becauſe it is not to be ſuppoſed that every one, who 
deſigns tu undertake the Office or Employment of a Gauger, hath + 
made ſo great a Progreſs in Mathematical Learning, Ihave there- 
fore preſented the 3 auger with this Appendix, whetein 
have only inſerted ſuch Rules as are uſeſul in Gauging, and have 
been already demonſtrated in this Treatiſe. But herein, I pte- 
ſuppoſe chat he bath acquired (ot if not, it is very neceſſary he 
bld acquire) a competent Knowledge both in Arithmetie Wd 
Geometry : That is, | 
{ 1. In Arithmetic he ſhould node dune the principdl Rules very” 
8 well, eſpecially Multiplication and Diviſion, both in whole Num- 
. bers Des mal Parts, (which may be eaſily learnt out of ther == 
i 
1 


— 


» «ex. 
# A p * 


* Hr 


„ 


2d, 4d, and 5thi Chapic® of Part 1.) that ſo he may be ready at mY 4 Y 

computing the Contents of any Veſſel, and caſting up his Gauges | = 
dy the Pen only, vis. Without the Help of thoſe Lines of Num- 

bets upon fliding Rules, fa much applauded, and but too much 
- pradtifed, which at beſt do but help to gueſs at the Truth; I mean 
ſuch Pocket-Rules as are but nine Inches (or a Foot) long; whoſe / 
Radius of the double Line of Numbers is not ſix Inches; and 
therefore the Graduations or Diviſions of thoſe Lines are ſo very 
cloſe, that they cannot be well diſtinguiſhed. It is true, When be 
Rules are made two or three Feet lon (I had one of fix Feet) N 7 
there they may be of ſome Uſe, eſpecially in ſmall Numbers; al- 

. tho? even then the Operations may be much better (and almoſt as 

oon) e the Pen: For, indeed, the chief Uſe of Sliding-_ 
Rules is Aly in taking of Dimenſions, and for that Purpoſe they 


- are ry convenient. : 2 =_ 

| Falls * k 6 _ Þ ® 
| — 8 — f ; | z ' 3 

4 8 J 4 v&* 3 * 4 . % k t x? 


"4* * 
N 
N 


"=>" PR. r 
P n * 
£ * 


II. In Geometry the Gauger ſhould underſtand not only how to 
take Dimenſions (which is beſt learnt by Practice) but alſo how 
4 io divide any irregular Figure or Superficies, as Brewers Backs or 
OCoolers, Sc. into the eafieſt and feweſt regular Figures they will 
admit of, that ſo their Areas may be truly computed-with the 
- + leaſt Trouble. And this may be learned (with a little Care and 
Diligence) out of the iſt, 2d, and 5th Chapters of Part HI, which 
* 8 ſhould be well acquainted with. Alſo he ought to have 
ſo much Skill in Solids, as to be able, even at Sight (but this muſt 
be acquired by Experience) to determine what ſort of Figure any 
Veſſel is of (vz. any Tun or cloſe Caſk). or what Figures it may 
de beſt reduced to, fo that its Dimenſions may be truly taken, 


J 


* 


With the leaſt Error, becauſe it is very difficult, if not impoſſible, 
; 0 do it exactly; for there is not any Tun, or cloſe Caſk, Cc. 
bs ſo regularly made, as by the Rules of Art it is required to be. 
II. Beſides the aforementioned, the young Gauger muſt know, 
) that all Dimenſions uſeful in Gauging are to be taken in Inches, 
and Decimal Parts of an Inch; and if they are taken in any other 
Meaſures, as Feet, Yards, &c.-thoſe Meaſures muſt be reduced 
- -_  .to Inches, (fee Sed. 4. Pag. 42.) becauſe the Contents of all Sorts 
j of Veſſels (taken Notice of in Gauging) are computed by the 
Standard Gallon of its Kind, whoſe Content is known» to be a 
= _ certain Number of Cubic Inches: That is, the Beer or Ale 
=  - Gallon contains 282, the Wine 231, and the Corn Gallon 
28068, eight Cubic Inches. [See the five Tables, c. in Pages 
2434, 35, 36, which I here ſuppoſe the Gauger to have learnt 
=  — perfectly by heart.] - Conſequently, if either rhe ſuperficial or 
- Tolid Content of any Veſſel, as Back, Tun, Caſk, te. be 
once computed in Cubie Inches, it will be eaſy to know how 
many Gallons, either of Ale, Win& or Corn, that Veſſel Will 
Vote, I have here ſaid, the ſuperficial Content in Cubic Inches, 
Fhich may ſeem to be very imptoper, according to the Deſini- 
t it.ion given of a Superficies in Page 285 ; but you muſt know, that, 
in the Buſineſs of Gauging,” all Superficies or Areas are al- 
= ways underſtood to be one Inch deep, otherwiſe it could not be 
3 ſaid (as in the Gauger's Language it is) that the Area of ſuch 2 
Back, or of ſuch a Circle, Cc. is ſo many Gallons. | 
Tr,heſe Things being very well underſtood, the young Gauger 
= will de fitly prepared to underſtand the following Problems, which 


* 
bo 


_ = PraQtice; anditherefore I ſhall, for Brevity Sake, ten refer to 
= .. thoſe Theorems and Problems. 13 * © 
RT... m4 8 
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and the Content thereof computed with | the-leaſt Error! I ſay, 


+ are ſuch as have (moſſ of chem) been already propoſed in the. 
dtlaiegoing Parts of this Treatife, and only are here applied io 


Ty 120 the Area of any ſquare Tur; Back, or Cooker . eber 


3% 


eg. 1. To bodibe ti of rightined rede. inGatlons _ 
bl - PROBLEM,L * 


: 


in Ale, Wie, ar Corn Galloos. 


— 
* „ 


os 6s CMultiplythe given Length or © Bead (being here ain 
* 11 into itſelf, and the Product will be the Area * r * 
e then divide that Area by 282, or 231, or 20 8 and 


the Quotient will be = Area required. 


Example. Suppoſe the Side of a Square Tun, Back, — « Cooler 
be 124,5 Inches, what will its Area be in Gallons? 


* 


Firſt 12455 * 124.5 15 30055 the Ar Inches: 
Then 282 . 54496 Cc.) ( Gallons: | 
And 231 = 15500,25 76,10 Cc. (wn > Gallons, 

«Of 268, 8 Yr 57,66 Ec. Coen Fein. 


25 But if wm one "T4 rather work by Mubipliextion 1925 "Ay 9 
Diviſion, he may turn or change any. Diviſor into.a Multiplieas - 
tor, if he divide Unity, or 1, by _ Diviſor. $4 Probl: * 
ag Os | . | 


8 282 5 We Not MY, 4 Gabe, 
231 1.000000 o, 04329 the ue fo N. Gallons. 
Or 268,8 | 0,003722 TC. Gallons. - . 


Conſequently 1 X 04003546 = = 3 99. the Aires in,- == 
Ale Gallons, as before; and ſo on ſor the reſt, e 


4 of 4 
* , * » * — 1 
% F 8 q 2 1 F 
Ck go Tov . * 8 3 
— 3 o —_ = : > - "2 
rer e 
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PROBLEM 2 
75 0 find the Area of any Tun, Back, or Cooler in the Form * a, 
| 2 Parallelogram in Ale Gallons, i * 


1 the Rule for finding i its Area in helles, at Probl. 1. 'p. 330, 2 
= Either. divide (or muroply) that 2 as above, and JG Wil 
ave the Area in Gallons. * 
N > bf Suppoſe the Length of A 8 Tun, Back, or 25 * 
Cocle 2176 Inches, and its Breadth 85,6 loches, what Will 
is Area be in 4 e or Beer Gallons, c? "4 
" Paſt 2% X 83,6 = 18648. Then 282) 18648 (664124 Sc. 
1 . 8 546 = 66,1 K 2 the W Oe. 


F > A | 
* * wh 
$ 7 4 : 2 'N 0 a "a 
N . . « 0 L : . c 
, F = OR \ , 
! "3 R$ 

wt S's; 9-15 1 


F £1 Yi Nel 1 * | P R 0 B L E N 1. - #3. a8 * "If 1 
at 


f 0 5 To ff the « Area af any Tran ular Tun, Back, or cone, in 
3 OM PT gs. Ale Gal ns, Oc. | 


OS. 0 

=* 8e Ma Rule for geln its Aten in Inches at Prob. 3s p. 340: .F 
. . divide (or multiply) that 81 as ee a> you will ** 

the Ag required. + | 2. 247: FO 

= Op ROT If the rcd of the Baſe 5 N Cooler 4 

; * "Ye 86,4 Inches, and its n Bread be 57 TS. what t 

RR... its = be in Ale Gallons g 5 ES 

Für, 86,4 * * = 2462,44. Then 282 9 As; ee. | 

0 246234 + bes 8,73 e. the Ates in Ale Gallons. | 


Proceeding; thus, you may - eaſily: find the Area of any” Tun, | 
Back, or Cooler, whether it be in the Form of a Rhombus, Rhom- L 
. - boides, Trapezium, or of any other Polygon, either regular or 
= + jrregular, in Ale or Beer Gallons, He. if you firſt divide it into 

Irxriangles, and then find the Areas of thoſe Triangles ; (as in the 
2d, 4th, $th, and 6th Problems in Chap. 5, Part. III.) ibe Sum 
1 of thoſe Areas being divided (or multiplied) by its proper Diviſor 
= be Maltiplicator) as above, will give the Area required. 
= Now, the practical Way of dividing any Polygonous Tun, 
Back, &c. into Triangles, is by help of a chalked Line, ſuch as 
- the Carpenters uſe, and may be thus performed. 

Suppoſe any Brewer's Tun, Back, or Cooler in the Form of the 
--annexed Figure ABCDFG, Let one End of the chalked Line 
"be faſtened with a Nail (or otherwiſe) in " Comer or — 4 
of the Back, as at 4; then ſtraining 
it to the Angle at C, ſtrike the Dia- 

- + gonal Line AC upon the, Bottom of 
_s 3h >the Back; and ſtraining it again to 2 
15 the Angle D, ſtrike another Diagonal 
Line, as 4 D, And fo on for the Dia- 
gonal Line E D, &c. Then baving oy 
| 8 * parked out all the Diagonals; the — OF may be "4 | 
found: Faſten (as before) one End of. the chalked Line, in the 

* 155 = Angle B, and then, by moving it to and fre-upon the Stretch, 

find out the neateſt Diſtance, between the Angle ar R and the 

ue" Diagonal Line 40 ang there ſtrike a Line, and it will mark out 
8, = the Perpendicular: from B to the Line 4 C, and fo on for the 
bc - other Perpendiculars: Which being all marked'vift upon the Bot- 
2 cones the 3 tmexſiire, _ and each 9 by a Line of 


1 0 nches, 


F ad 
* F K 


2 


7 


8 


* 
* 


3 
W 
8 
ED. 


Inches, & c. _ 2 the Area ofa Back webe computed, 
as directed above. 1 
in And here, by the Way, it d be r ved that the Number . 
of Triangles will always be leſs by two, and the Number of the 85 = 
Diagonals leſs. by three, than the Number of the Sides of any * 
2. Right-lined Figure at is © divided. Ro 
e Having found (as above) the true Area of any Brewer Back or $ W 
Cooler (which, according to the Laws of Exciſe, ought always' .. 
| to be e immoyeabl® the next Thing will be to find out ib "7 
er true dipping or gauging Place in that Back: ſo that the true Quan-"" ms 
at tity o of Worts may be computed or (caſt up) at any Depth; . = 
which may be thus done. .. 


I. When the Bottom of the Back is coveted all oyer (of aux 4 I 
c. Depth) either with Worts or Liquor (viz. Mater) then dip it inñ 
eight or ten ſeveral Places (more or leſs according to the Latge⸗ 4 
; neſs of the Back) as remote and equally diſtant one from another 
4 4 you wal can, noting, down. the wet Inches, and decimal Parts 
— hy a the Sum of all thoſe Dips-or wet W by che Num- f A 4 
I 7 of Places you dipped in, and the Quotiend will be the mea -.. 
* Wet of all thoſe Dips. . | 
* 3- Laftly, find out ſuch a Place by the Side of theBack (if. you | 
4 can) that juſt wets the ſame with that mean Dip, and make a 
n, | Notch or Mark there, for the trut and conſtant Dipping-place of —_ 
is that Back. Then if any Quantity\of Worts (Which do cover tbe 


whole Back) be dipped or guaged at that Place, and the wet Inches n_ 
ſo taken be multiplied into the Afea'vf the Back in Gallons,» the i „ 
Product will ſhew what Quantity G iz, how many Gallone) of x 
Worts are in that Back at that Time, provided the a of * — = 
Back do ſtand at Right + oi with its Bottom... a 3M 


F 8 ae 


| Set. 2. er o find the Ares of am Circular 5 rea er. +) 
D X cies in Gallons. . 
I. Lhaye demonſtrated in Chap. 6. Part m, . 2 3. 
5, 6, Part V. that the Periphery of the Circle Whoſe Diameter 1s” | 

+ Unity, or 1, "is 3,14159265. & c. (or for common Uſe 351416) _ 
and that its Area is o, 785398 16 &c. (or 0,7854 fere.) 1 
2. Alſo, that the Peripheries of all Circles are in proporion —_— 

dre to another as theit Diameters are; and their Areas are, in 1 
Proportion to the Fuares of the Diameters, That is, as f: 8 
2 the Diameter of any Circle: to its <a And vj 


256,856 * aro TR 


Upon 7 two N epd the Solutions of all * 


B - common or and * about a 8 a” Pg: 56 4 

| 4 1 I 2 409. 2 wr 2 3 . | a by 25 NES 3 3 N x 

V „ - 

» 44% 8 nt. MO | 

Ve - The Dis of Cs being given A n, fo e, Pe Fe- 0 
BY 2 | % riphery. : +4 


3 "A 8 Multiply ih given Diameter ih 141 6, Pol i Pro- 5 158 
be 8 Row at +. {dt will be the Periphery required. [See Prob. 1. p. 408. | 


I" "Example. Suppoſe the Diameter of a Circle be 54,5 Inches, D 
* and it were required to ſind its. Periphery. Then 54,5 X31 416 : 
171, 21, Kc. Inches in the Periphery required. The Converſe * 


of chis is eaſy, viz. by»having, the Heb, given, to ee the 
6 om (e's ow 3. Page 4085. 5 | 


7 R 0 B L. E M v. 
* ape Ca any e ven (in ine) 7 fd i its 


Area i in Gal ons, 


4: 55 3 * 3 5 n * 

= Toy 3 the EPS of the. Aopoſe rt? into 
3 4 9.7854, and the Product will be the Area in Inches; 
= "* J [See Probl. a. P. 408.] that Area being divided by 282, 
£ 4 or 231, We. the Quotient will be the Area requred. | 
= Exomple Seppel the given, Diameter be 545 "Inches as above. : 
3 INE 545 X 54,5, = 29 . Ke . * eh * : 
4 Rad 31 2 Area in Inch 
1 * Then 282) i 6 . . e Ale dar Gals, 
2 Aid "4 2332065 10,0988 the Rrea in q Wine Gallons. 
9 26 -"; "0B 6788. 1 Corn Gallons. 
=. But theſe Arch in Gallons may „ eaſier found without 
A . kin the Circle's Area in Inches, as above, by having the 
4 __— pet en of the Diameter of that Circle whoſe Area is one Gallon; 
£4 = which may be thus found, by Theorem 6, Page 407. | | 
5.785398: 1:: 282: 359, os the Square of the Diameter She 
= Sore whoſe Area is 282 cubiehehes, viz: one Ale Gallon, . 
15 43 . + And from this Proportion wilt” arife the lo wing in * 
_— 282, 000003 59,05 J* 

I. ohen ee he wiſhes 2 DEW for 5 

1 4 e | 
1 * . 7 i 
. 4 a 3 3 1 B 


A A * „6——— "IR ** I 
* * N r= A = * WW 9 Z x - 
5 4 nd * 9 4 — TI A 1 * 2 E.. mY 72 : 
0 = - - — 


* | IE 
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63 I the 8 of the Diameter of any Circle be ed by.any- 
one of theſe conſtant or fixed Diviſors, the Qu Quoyent will ſhew that 
3 Circle's Area in their TeſpeCtive Gallons; © As for Inſtance, in 2a2ͤöĩð — 
'E the laſt Circle, whoſe Square. of its Diameter is 2990,25. . 


Then 359,05 6830725) - £ 8 Re. 

And e 29795) 1999 Haag as beef. 

Or 342,24 8,6788 | C. C ..- 

Now theſe Diviſors may be turned into Multiplicators by di 8 

viding Unity or 1, as in Page 433: Or rather by dividing the . 
8 Area in Inches of that . 8 17 p 
hat is, 778 b 282 by 231, && 

92 55 oh — 5 4 ; e 


4 "hs 


And 231 (0, 785398 ) 0, 03399 the Multiplic. for y V. Gal. 
Or 261,8 Co, oo2922 . 4 C. Gal. | 

Theſe Multiplicators are the ref ny Areas of a Circle whoſe "© 
Diameter is 1; and therefore, if t uare of the Diameter of 

any Circle be multifited with any of i e Numbers, the Produ "= 
will be that Circle's Area in. Gallons of the ſame Name: | Ry | 
 FV14.25910,25 X 0,002785 = 8,2725 the Area in 4.C.as re, 1 


ern — 
5 * . 
* <5 


4 And 2970,25X 0,003399 = 10.0988 the Area in Gee. * = 
Thus you ſee, that, if the Diameter of any Circle” be given in * 
3 Inches, there are three ſeveral, Ways of finding its Area in Gel- 


4 lons, and all equally true; but that which is Je by the 
„ comes Diviſors 1 is molt Een practiſed. 55 | 
* . . 1 2 
N \ 5 
N + PROBLEMVL, 


po Ma + *w * 


yd 3 The Tranſverſe (or longeſt Diameter) and - 4 Conjugate (or 9 

| ſhorteſt Diameter) e 725 any RL 3 being even, & = 
" JEM its Area in Gal * _— I 

6. © > Multiply the two Dickie (ar. the Length wt) 9 
9 Breadth) together, and divide their Product by 3595057 = 


Rol. 3 for Ale Gallons, or 294, 12 for Wine Gallons,” We: * 
the Quotientwill be the Area required. Un Theorem 


A Ts ape 4121 * 
5 4 |  Examplg, Suppoſe the longeſt 1 Dining to be 7355 1 4 ha 
the ſhortẽft Diameter to be $1 ,6 ines” z what will the Ares be 
he in Ale Gallons. ; l N = | 

| Firſt 73;5X 51,6 = 3792, 6. Then 359,05] 37923 * He 
2 | | te Need Ale Gallogs. or 294412} 3792, 6 (t 2:09. the Aten 
5 in Wine Gallons, Sc. KS = 
. . o 
G. g | 26 Ky s 2 + | er” / — : 5 115 6 Note, . 
rf " * * 3 7 * 6 1 | f 

4 I %] : " "Bo. 5 
. . gry 2 

| : | ; 2-H 
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RR” 
de, The tro laff Problems are of great Vit in Gauging of 
Worts amongſt Country Victuallers, who ally brew but 


mort Lengths of Ale (perhaps between 20 and Gallon ata 


Brewing) and cool their Worts in ſeveral ſmall open Veſſels or 
Tubs, whoſe Baſes or Bottoms are either a Circle, or an Ellipſa, 
having their Sides but low, and are moſt commonly. wider at the 
do hen at i Bottom. 1 
+ 2 Now a practical Way of computing the Quantity of Worts, 


When the Tub is dry, find the true Area of its Bottom according 
to its Figure (as above) and either mark that Area on the Outſide 


k „ df the Tub (which was the Way I generally uſed to order, becauſe 
ide Viauallers did often lend their ceoling Tubs one to another) 


dor elſe number the Tub, and enter its Area (and its Number) into 
"=" the Stock- bock; then, when any of thoſe Tubs hath Wor in it, 

E take the Diameter of the Surfate or Top of the Worts, and find 
Ez” that Area, adding it and the bottom Area together. If either the 
half Sum of thoſe two Areas be- multiplied with the Depth of the 
Worts (taken as near the Middle of the Tub as you well can) or, 
if the Sum of thoſe two Areas be multiplied with half the Depth 
(o taken) the Product will ſhew the Quantity of thoſe Worts very 


3 ' ih 

Fe 4 v.30 

1 * Wd 14.4 * EH 
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PROBLEM: vn. 
7 *? ; $ | N : oa 
4 % & % + 


* * The Diameter of any Circle, and the verſed dine, viz (the Height) 
3 of any Segment, being given, to find the Area, of that Segment 1 
/ I RE 4 V 


9 8 


"y 4 


as 


= In the 410th and 412th Pages you have two Wajs (and their 
. +» Examples) of finding the Area of any Segment of a Circle in 
a Inches; then if that Area in Inches be divided by 282, or 231, Cc. 


, 


q 1 & ine Quotient will be its Area in Gallons, But becauſe the Area of 
a ſuch Segment may be readily found in Gallons (without find- 


ing its Area in Inches) by Help of a Table of Segments, whoſe 


— 


, Here inſerted a Compendium of fuch a Table, which will ſerve 
Ws 7 well for common Practice, not only to find the Area of any 

Be: nt of a Circle in Ggllons, but alſo to find the Number of 

. .., - Gallons, that are either drawn out, or remaining in any Cylin- 
E. , _ dric Veſſel lying along, or of any cloſe Cafk (being firſt reduced 
toa Cylinder) its Axis Ip Poratte? to the Horizon, uſually called 
Be . © -the Ullage of a Caſk; as ſhall be ſhewed farther on. 


. 


es es | t :- xt, 
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chat ate at any Time in one of thoſe open Tubs, is briefly hu; 


75 IS FO 
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. 25 o * 
. 7 ; %. 7 | a e 1 
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OOynſtruction is laid down in the Problem, Page 411, &c. I have 
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A Table ofthe Segments of a | Circle whoſe Ate is Une or bot 
the Diameter being en 10 parallel rn N into 100 


equal Parts. | | oy 
i. ST. \egment | IF. 8, 8 * T. TE JV. &. e 2 
| 4% % 260,066 : G1 0,8 127 | 76,8155 
7 oss | 271042178 2255 P 7710,8262 
; 3] 0087 | | 2810,2292 | | 5310,5352 | | 78.8369 
| 419-0134 | | 29192407 | 54% 29.8474 
| pon | þ oofonsn e | | 2cpn5s 
E nur - — | boo — 
6 10, 0245 31,640 |. | 56 o 576 '£ 
| | 7160308 | | 3200,2559 | 57,888 i 
8,0376 þ | 33162878 [ 55 3 
9e |: 3410-2998 | | 5<[ 64% 
| 10 0, o5 20 35 0,3119 9,6265 ' 
| 12 o, 680 | | 370.3364 | 65.651 
| 13 10,0764 J 38,3486 | 62 > 6636 
14 % 851 | | "390,361 | 644759 
| 15 F0,0941 _ 40JÞ©03735 | 65 0,6881 
16 0,1032 41 o, 38660 66 BET, | 
1710,1127 4210, 3986 67 5.7122 N 
| 16] 90,1224 431,412 68 5.741 
19] 0,1323 44 (09,4238 '& | +7360 
200,424 [ 450944365 [[ $7477 | _— 
— 82 Wy = 
21e, 1526 464944491 | | 747593 | 960.9866 - —— 
22,1631 | | 4710,4618 | | 7245,7708 | | 970.9913. 0 
23] 0,1738 4812-4745 | | 7310-7822 | | g8je,9952 Þ 
241 41845 . 8158558 7419-7934 | | 99 9983 | 
_25}0,1955 L 36J5,5000 | | 75%9,8045 100, 0 ↄ t! 


The Uſe of this Table of Segments depends upon the follow- 
ing Proportion: 
As the Diameter of any propoſed Circle: is to 100 (the 
Diameter of the tabular Cucle) :: ſo is the Height of any 


Tg of the propoſed Cucle-; to a verfed Sine 1 in the 
: 'Table | % 
Then, if the tabular nan which ſtands againſt that verſed 
Sine, be multiplied into the Circle's Areg/(either infJaches or 
Gallons) the Product will be the Area of the Segm 


VIZ. 


t required 
a {of the ſame Name] viz, If the C rcle's Area de s, the Seg- 
ment will be Inches; if Gallons, the Segment be Gallons. © 
58 L- | r Example, 
" 5 | 4 * 8 . : : 
| — 177 1 | * > 


* 


a 8 Let the Diameter of the given Circle be be DA =62,; 
Inches, and the Height of the Segment 
ſought be FA = 20 Inches; What 
will its Area be in Ale Gallons? 
Firſt, the Area of the whole Circle 
will be 10,8 793 Ale Gallons (by Pro- 
blem 5.) and d Proportion will ſtand © 
thus, 62,5 : 20: 32 the verſed 
Sine of the Table whoſe Segment is 
9,2759. Then, 10,8720X , 2759 = 


3,0016 Ale Gallons, being the Area of FA n BAGF, x as 


IN was required. The like wind be done for Wine art Corn 


SGallons, or Inches, 

we And, upon Occaſion, | N the like Segmente 85 any Ellipſis may 
be eaſily: found. See the Proportions in the Corollaries to the 7th 

and 8th Theorems, Page 412, &e. to which I here, ſor Brevity” $ 


Sake, refer the Reader. 


R Se. 3- To compute the Contents of weh Veſſels, (viz. Tum, 
; Ec.) as are in the Form of the following Solids. 

| . Before the young Gauger proceeds to theſe Computati- 
ons, he ſhould be well acquainted with ſuch Solids as are defined 
in P. 402 and 403, and then he may eaſily underſtand, what Sort 


pl Figures are meant in the following 1 without os Re- 
| Pres of many Words. | 


PROBLEM vue 


To fad the Cn of any Priſm whoſe Sides are Parallctokraral 


eaubat Form ſeever its Baſe is of. 


| ; That! is, to compute the Content (in Gallons) of any Tun, &c. 
whoſe Sides are Parallelograms which ſtand upright, or « Right 
Angles with its Bottem. - , | 

Firſt, find 1ts ſolid Content in Inches, by Theorem 9. Page 414; 
then divide that Content by 282, or 231, or by 268,8; the Quo- 


tient will ſhew the Content in their er Gallons, vir. in 


Ale, Wine, or Corn Gallons, 


Or elſe multiply the Comtent in Inches with 3 | 
0,004 329, &c. [See the Multiplicators, Page 435] thoſe Pro- 
WR will be the Content in their reſpedtive Gallons; 
Or otherwiſe thus: 
true Ares of the Tun's Bale or Bottom, as directed in 
435 mat Area being multiplied with the Tun's 

ide) » 


Height (viz; th wi will produce the Content' in Gallone, | 
as before. 

1 i WW” ü 1 ; e 

* | o N | , wr f 
„ . 4 9 

5 85 | N 
* 12 | | we.” FA | # >> 1 
* 2 
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Of Practical Gauging. 443 
1 take the Work of this Kranke to be ſo TT eaſy, chat it 
|; needs no n | | 


PROBLEM Ix. 


To * the Content of any Pyramid (in Gallons) whoſe 2% is 
; , bounded with Right Lines. | 


* , 


\ 
is Pound is one third Part of its circumſcribing Priſm, 


by Theorem 10, Page 415. Therefore, ib the Area of the Baſe 
J any Pyramid, in Gallons, be multiplied into one Third of its 


1 perpendicular Height; or if one Third of that Area be multiplied 

: with the whole Height, either of thoſe Products will be the Con- 

7 tent of the Pyramid in Gallons, &c.* But the Content of any 

1 ſquare Pyramid may be eaſily found in Gallons by this Rule: 

$ Square the Side of its Baſe, and multiply that Square 
2 with the perpendicular Height; then divide that Ho- 

i RuLE. 5 duct by 846==282X3 for Ale Gallons, or by 6932231 


* 3 for Wine Gallons, or by 806, 428268, 8 X 3 for Then 
; Gallons, the Quotient will be the Content required. 
Or, if you multiply the ſaid Product with ,0,001182 for A. G. 
or with 0,001443 for W. G. or, laſtly, with 0,001241 for C. 8. 
the Reſult will be ihe Content required, as before. 


= 1 


PROBLEM X. 


| To. | fnd the Content (in Gallons) of the Fruſtum any 1 Py 
i amid, cut off by a Plane forall to its Baſe. | 


Firſt, Either by Theorem 15, Page 419, or Theorem 16, P. == 1 

N 420, find the propoſed Fruſtum's Solidity in Cubic Inches; hen 2 

t divide that Content in Cubic Inches by 282 or 231, & c. and 
the Quotient will be the Content of the Fruſtum in their * 
tive Gallons. 


5 But, from the foreſ aid Theorem 15, there may be eaſily dedoet 

* * the following general Rule ſor finding the Content of the like. F 
tum of any Pyramid, what Form ſoever its Baſes are of ({ 2 by 

r them to be parallel) whether they are alike or unlike, *' 

-, | Firſt, find the Area of each Baſe, (viz. the top andbhe- 


tom Areas of the propoſed. Fruſtum;) then find a Geo- 
metrical Mean between thoſe two Areas (by Lemma 


== 4 RULE, Ji, Page 77;) the Sum of thoſe two Areas and their 
I 51 4,812 Mean, being multipl ed into one Third ot the Fruſtum' Oy. 
, CK - N will produce the n . | 


3 


e, me „ i 
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Ot Profiica = 


a Seppole a Tun in the Form cf the lower Protiin of 


3 0 1 whoſe Baſes are equilateral Triangles: Let the Side 


of the Top be 42 Inches, the Side of the Bottom be 63, 4 Inches, 
and its Height [viz. Depth Jb e 33 Inches; What will the Con- 
tent of that Tun be in Ale Gallons ? 


Firſt, find the Area of each Baſe in Inches, by Probl. 75 P. 343; 


oy then find what thoſe Areas are in Ale Gallons, by Probl. 3 
44336. Multiply thoſe two Areas together and the ſquare Root of 
"OY their Product will be the mean Area, & c. as in this Example: 


= 1 


Mean 


. Top 271 
25 Kaunpl. Sk Bottom | Area is 6,12 f Ale Gallons. 


4.0% 
Their dum 12,90 


0 A 


1 bes 129 X JE Or 22 ice. 
| tent required. | 


4 — $ , - 


PROBLEM XI. 


| - 7 fila the Content of any right Olinder in Gallons... 
That is, to compute the 5 ntent of any round Tun, &c. whoſe 


Poe; at Top and Bottom are equal, and at Right-angles 
with its Sides. 


Tue Content of ſuch a Tun may be found 'by Theorem 11, 
| Page 415; or otherwiſe by the following Rule. | 


Mulwply the Square of the Diameter into the Height, 


| Ros and divide the Product by 359,05 {or multiply with 


0,002785) &c. as in Page 439, that Quotient (or Pro- 
duct) will be the Content required, 


oh Suppoſe the Diameter be 42, 5, and the Height 35 


5 cee 


Firſt 42,5 K 42,5 = 1806, 25. 5. And 1806,25 X 35525 $6896,875, 
ZN 359,05) 56896,87 5 0 58, 46 the Content in Ale Gal. &c. 


PROBLEM XIL ROS ES 


7 find the Content of any Cone or round Pyramid in Gallons... 


Becauſe every Cone is one Third of its circumſcribing Cylin- 
Þ [See Theorem 13, Page 416] therefore its Content may be 


TY. . found by the following Rule. 
| Multiply: the Square of the Diameter of its Bafe into 
\ the perpendicular Height, then divide their Product 
Bis by 10% 18 2359,05 X 3 for Ale Gallons, or b 
©, þ 882,36== 294,1 & 3 for Wine Gallons, &c. and the 
8 ye Quotient will be the Content Ra 3 


* „ 


Or 


.S 


5 


n 2nmz WS 


— 


of Prada Gabe . 
Oc if the ſaid vo} be 3 with 0,000ga8 = 75 5 
or with'6,001 1332 — IIS, . thoſe F will be the _ 


* | 


in their teſpective Gallon. 
Example.” fe the Diameter of the Bal be 38 £4 the 
perpendicular Height be 315 Inches, What will the ontent be 
* in E Ale Gallons: (as before. 
= 4235 N 1 18085 KS =56896,875 |, I 
n 1077,15) 56896,8 2,82 r „25 & Q,000928 9 
252,82 the . in Ke allons. "And ſo on for Wine or 
Corn Gallons, = ”_ j 


ROB L E M XII. RY Y 
75 find the Content of the lower Fruſtum of ary Cone in Gattent. = 

That is, to compute the Content of any round Tun, &c. whoſe AM 
Diameters at Top and Bottom are parallel, but unequal. x 

The Content of ſuch a 'Tun may be found by the Rule at Pro- . 
blem 10; but from Theorem 16, Page 420, it will be eaſy to 
deduce this following Rule. 


To the triple Product of the top and 88 Diameters, 
\ add the Square of their Difference; multiply that Sum 


5 RuLE. J into the Height, (or Depth): then divide the laſt Pro- 
duct by 1077,15 for Ale Gallons, or by 882,36 for Wine A 
"Bf _ CT Gallons; the hor will be the Content required. 


Example, Suppoſe the Diameter Kr the Top tg be 52,4 Inches, 
the Diameter at the Bottom 44,6, a dd the Height 30 Inches, 


h 
1ſt, 5 2, 4K 44, 622337, 4; e 8 
E Allo, $2:4—44:6=7:83 and 7,8 X 7%,8= 60 | Add q 
The Height 30X 7077 een | 


Then 1077,15( 212188,8 (196,96 
aps ae harp 1 the Content in. II. Gallons, 
ö And ſo on for either Wine or Corn Gallons, as Occaſion re- 
quires, But if the Tun (or Veſſel) be not truly circular, that is, 
* if either its Top or Bottom (or both of them) be elliptical, whe- 
ther they are alike or unlike, it matters not, the Content of ſuch 
a Tun may be truly found by the general Rule at Problem 10. 


e * PROBLEM W. 3 


7 


The Axis or Diameter of any Sphere or Globe being given in '- A 


= - to find its Cantent in Gallons, 
y 4 Every Sphere i is two Thirds of its Jae Ws Ve by | 
le Theo. 18, Page 423; from whence and Theor, 205 426, it is 


- * 
Ir - 


2 6 * 
"Xx 1% * vx; 
\ + 8d ** 
# * + A 


7 of dase Cet, 


= roved, FR if the Cube of the Axis of any Sphere (taken in 
1 1 be multiplied i into 0,5236, the Product will be the Con- 


0 * 231 0 8236 it NR 2. . 3 | 


e 9 


* 
* * 
£ * 
* 
5 
® 


tent of that Sphere in Inches. Conſequently, if that Content be 


5 divided by 282, or by 231, &c. the Quotient will be the Con- 


tent in Gallons. 


But thoſe two Works of multiplying with 0.5236, and then 
dividing by 232, or by 231, &c. may be contracted into one. 


Thus 282 0,001856 


231 L441 1% 
rom hence ariſes this Elowins Rule. 


. Gallons 


Elf the Cube of the Axis of any Sphere be divided 8 
1.038,57; or multiplied with 0,001856 : or divided by 
5 Wa 441,17; or elſe multiplied with o, 02266; the Quo- 


tient, or Product, will be the Sphere's Content in their 
reſpe&ive Gallons, 


Exaniple Suppoſe the Axis or Diameter of a Sphere or Globe 


Fe, be 22 Inches, how many Ale Gallons may it hold? 


Here 22X22X22=10648 ; and 538,57) 10648 (19,76 A. G. 


Or 10648 & 0,001856= 19,76 Ale Gal. the Content required, 
lira for IO Wine or Corn Gallons, as Occaſion os ne 


N PROBLEM xv. 


75 5 the Content of a Segment of a 8 in Gallas. 85 


10 the Sebolium, P. 424. there ate two T CA for obs 
” this Problem according ta the Data. 


1. If the Diameter of the Segment's Baſe and its Height are 


* given, the Content may be found by, the firſt of thoſe Theorems, 
-- which gives this Rule; 


To the triple Square of half the Diameter add the 


ka og Square of the Height; then multiply that Sum into 
RULE 1. > the Height, and divide the Product by 538,57 for 


AJ. G. or by 441,17 for V. G, &c, as above. 
2. But if the Axis of the Sphere and the x of the. Soy 
tho 


ment are given, the Content may be found by the ſecond of 


Theorems, 
-From the triple Product of the Axis into the Height, 


8 Korx ws ſubtraQ twice the Square of the Height ; then mul- 


tiply the Remainder into the Height, ag divide that 
5 ö 585,5 79 &c. as in * laſt Naur. 


, * 
5 l 2 . 
* 6 * * 0 . 
NOLA 15 
— 
% 7 , 
k ' h " * 
\ . 
1 


% 


7 3 
9 


- "7 - q 4 * * 
f 4 * . 0 - 5 
, * "4 * 
4 „ 8 * a * , 
1 £ 2 * % 
F ” 47. 
* Wen + N on . \ . 9.9 - * = q 


| Either of theſe Rules will produce the; Content of the Segment! A 
in Gallons." fools 97 NPI x HT SEN CIS 


 Brample. Suppoſe the Diameter of the Segment's Baſe be 28 
Inches, and its Height be 8 Inches, what may it contain in Ale 
Gallo? | 5 ps e 


Firſt 2) 28 (14. Then (by Rule 1.) 14 X14X 3 588. 
And 6X6==36. Next 388/36 = 624. Again 624X6 = 3944-7 
Laſtly, 538,57) 3744 (6,95 the Content tequired. 1 
Note. This Problem may be of Uſe in Gauging the Crowns of 
Brewer's Coppers, &c. 8 e ba 


Sea. 4. T he prattical Method of Gauging any fixed Tun or Copper, = 
and making a Table to ſhew what it will bold at every Inch deep, 
uſually called Inching of a Tun, &c. 4 * 


HE ST, you muſt know, that moſt (if not all) Brewer's Tuns 
are ſo fixed as tolean a little for Conveniency of cleanſing their | 
Drink, which is uſually called the Drip or Fall of the Tun. Now | 8 
this Drip or Fall of any Tun is the Hoof of ſuch a Solid as that _ 
Tun is ſuppoſed to repreſent, and upder that Conſideration it ma * 
be found, as in Theor, 16, P. 420: But the practical (and indeed 
the beſt) Way is, io meaſure into the Tun (when it is dry) fo 
much Liquor as will Juſt cover its Bottom; for by that means vd 
do not only find the true Fall, but\alſo a true horizontal or level © . 
Plane over the Bottom of the Tun; from which if the Depth ß 
the Tun (vi. the neareſt Diſtance from the Top of the Tun to 
the Surface of the Liquor) be ſet off upon every one of its Sides, 
you will then have a true parallel Plane at the Top of the Tun G08 

that of the Liquor. Then, if the Sides of the Tun are freight RR_——_—_ 
from the Top to the Bottom, take as many Dimenſions in the »$ = 
aforeſaid two Planes as are needful to find the true Area of each; = 


and by thoſe two Areas and the aforeſaid Depth find ſo much of 
5 the Tun's Content (by the grveral Rule at Problem X) as is be- 
| | twixt thoſe two Planes | | > 
Next, to inch that Tun, divide the Difference between the Top 
and Bottom Areas by the aforeſaid Depth, and the Quotient Wiil! 
be an Addend or fixed Number; which being added to the leſſer 
Area, the Sum will be the Area of the next Inch; and, being add- 3 
| ed to that Area, their Sum will be the Area of the third Inch; 
| and ſo on from Inch to Inch, until the Area of every ſingle Inch 
be found; the Sum of thoſe Areas (if the Work be true) Will 
amount (or be equal) to the Content found, as above, And f 


* 
* 4 
, 
| ) ; 
* 


25 N , * 
= x * 5 * 
, : * * . 7 * 2 W ras FL | 
br 09-4 ; 2 ; | f N 
— 4 a 9 j i 
F : 70 A 
. * 7 , . 
1 S = * a on : 
„ 4 e * . | 
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tze Tun's Drip or Fall be added to the Sum of all thoſe Areas, 
tat Sum will be the whole or full Content of that Tun. 
Now, from hence it muſt needs be eaſy to conceive, that if 1. 
24-3s or any Number of thoſe Areas accounted from the Bot- 
tom, be added to the Fall, that Sum wilt ſhew the Quantity of 
Liquor or Drink that is in the Tun, to ſuch a, Number of wet 
- - - Inches from the Bottom as there were Areas added together. Or, 
i the Sum of any Number of thoſe Areas (being accounted from 
the Top) be ſubtracted from the Tun's whole Content, the Re- 
muainder will ſhew what Quantity of Liquor or Drink is in the 
Ton, when there is ſuch a Number of dry Inches from the Top 
als there were Areas ſubtracted. . a 


- 


8 


— 


> 
7% * 

* 
x * 


This being well. conſider'd, it will be eaſy to make a Table 


=_  <cither to every wet or dry Inch of any regular Tun (viz. whoſe 
ZSioades are ſtreight from Top to Bottom) what Form ſoever its Baſes 
© / are of, and whether it ſtand upon the greater or leſſer Baſe. 
2 But if the Sides of the Tun are irregular (viz. not ſtreight from 
its Top to the Bottom) then the beſt and eaſieſt Way will be to 
| divide or part the Tun into ſeveral Fruſtums, each of ten Inches 
-, deep; and finding the Content of every ſingle Fruſtum, by taking 
| tte Diameters in the Middle of every one of thoſe ten Inches 
chat is, the firſt, Diameter at 5 Inches from the Top; the ſecond 
= Diameter at 15 Inches from the Tap, &c.) and multiplying their 
| reſpective Areas with 10, (which is done only by removing the 
ſeparate Comma's one Place forward to the right Hand) if the 
Sum of all thoſe Fruſtums be added to the Fall (as before); that 
Sum will be the whole Content of the Tun. Kt 1 


= 


Vote, If you take the Height of the foreſaid ten Inch. Fruſtums 

in the Side of the Tun, you muſt allow for the Difference be- 
oeeen the fant Height and the perpendicular Height in every 
Pruſtum. h e 


3 * L Laſtly, If from the whole Centens of the Ten you ſubtra@ the 
1 $7” mean Area of the firſt Fruſtum ten Times, and from the Re- 
—_ mainder ſubtract the mean Area of the ſecond Fruſtum ten Times, 


Os. 


- 


Pruſtam Kc. until there remain ndthing but the Fall or Hoof 
ol the Tun, you will then by that Means have a Table that 
- 5 * ag Quantity of Drink is in the Tun to any Number 
Aud this'is alſo the Method of Gauging and Inching Brewer's 
= _ _Coppers, viz. by firſt meaſuring into the Copper ſo much Liquor 
1 it juſt cover its Crown, and then dividing its perpendicular 
4 Height into Fruſtums, and its Sides into four equal Paris; that fo 
=—_— - croſs; Diameters may be taken in the Middle of each Fruſtum: 


| 
1 W But 
—=z 
. = 


3 | # | 
* S ; 
| , \ 
ü . 
4 * 
* = 
* 
. 
. 2 7 * 
">. bes $14 "x ' * N . * 
n 3 þ 
LI, 2 8 1,48 + £3 8 8 ad +. - T 2 ' a 


and from-the laſt Remainder ſubtract the mean Area of the third 


3 „ 5 
Of Prodiiedt GHH 1 
but if th& Copper be muck wider at the Bd at the Bottoms 
and its Sides fpheroidal or arching, as generally. all large Coppers 
are; then, inſtead of taking thoſe mean Diameters in the Mid- 
dle of every ten Inches, as above, you muſt take them in the ** | 
| dle of every fix Inches, and proceed on as before. . 
Now the Quantity of Liquor, that would cover the Gen of 
the Copper, may be found without meaſuring it, as above. In 
order to that, I do ſuppoſe the Crown: to be the Segment of a _ 
Sphere, and the lower Part of the Copper wherein the Crown 
ariſeth, to be the Fruſtum of a parabolic Conoid; then, if be 
Diamster at the Top of the Crown, and its perpendithlar Height 
8 25 5 the Quantity of 1 may be found by this following 


Whom the Area of 4 83 at the Top of the Crown I 

[ lſubtract 14 of the Area of the Crown's Height; be 8 

% noi "Remainden, - being multiplied into balf the _ * 
e Crown, will produce the Qyantity or Number 

E& Gallons that will cover the Crown. 


15 Rule i is deduced? from: alba, Page 424, and frame, 5 . 
25. Page 430. 


® 
dect 5. To cemputt the Content TT any cloſe es; in Gala vs viz. 62 
e any Butt, Pipe, Hogſhead, Barrel, &. 6 


N order to perform this difficult Part of. Gauging; the three - 
following Dimenſions of the propoſed Caſk mult be waly taken * 
in Inches, and Decimal Parts of an Inch. 5 
1 The Bulge or Bung Diameter within the Caſk, 
Fe Piz. "x of the Head Diameters, ſuppoſing them both equal. 
And the Lengthof- the Caſk within. | "= 


Nite; In taking of theſe Dintjenſions, it muſt be carefully obſerved, h 


3 1. That the Bung hole be in the Middle of the Caſk ; alſo that 
- the Bung-ftaff and the Saf over-againſt. the Buog-hole are both 

regular or ever within. | 

| 2. That tbe Heads of the Caſk are equal and truly circular; V 

| 'Y if ſo, the Diſtance between the Inſide of the Chine to the,Out- 8 

= 22 its oppoſite Staff will be the Head Diameter within the, 4; 

* very near, SY Wy 
33 Wi a fliding Paſt of Calipers (made on Purpoſe for Far 

Ute) take the ſhorteſt Diſtance or Length between the Outſides - 

of the two Heads; _ (ſuppoſing them even) from that Length 
* * * of leſs, ee to the Largepals of 805 

m m 


1 a 
, Ws | 
1 3 


1 26 50 Of Practical Gauging. "I 
F Eat for che Thicknef of the two Ag the Remains will be 


the Length of the Caſk within. N 1 | F 


1 New, by theſe R one would Kere ſe the Contem 'Y 
ite Caſk were perfectly limited; but it will be eaſy to perceive, 
by the following Figure, that the Diameters (aboveſaid) and the 
Length of one Caſk may be equal to thoſe of another, and yet one 


pl thoſe Caſks may contain or hold ſeveral Wes more 2 
0 other. E 


_ As fa 11 8 endes the Ra Figure ABCD E 1. 10 
= repreſent a Caſk; then it is plain, that, BY 
t, the outward and curved ines ABC | bn 
=. and FG D are the Bounds or Staves of 4 . C 
F  _ the Caſk, it muſt needs hold more than * 
lit the inner ſtreight or pricked Lines L. 

er vere its Bounds or Staves; and yet the ED 
. Bung Diameter BG, Head Diameter FW. 

c and A E, and the Length LH, are 

te ſame in both thoſe Calks. 3 | 


Whence it plainly : appears, that vo one certain'of general Rule 
can be preſcribed to find the true Content of all Sorts of Caſks, 


and therefore Gaugers do uſually ſuppoſe 1 Caſk to be in Ferm 
of ſome one of theſe following Solids. - 


* A I. The middle Zone or Frodum 0 A mc ; 

. H. The middle Zone or Fruſtum of a Parabolic 8 indle. 
) UI. The lower Fruſtums of two equal Parabolic Conoids. 

IV. A lower Fruſtums of two equal Cones, | i 


Now the Way of Gueſſing at the Caſk's Form, and computing 


its Content, according to its ſuppoſed Form, I ſhall here ſhew-m 
their Order. 


I. If the Staves of the Caſk are very. much curved or arching 
(as the outward Lines of the laſt 170 then the Caſk is 2 


ed to be in the Form of the middle e or Fruſtum of a Sphe- 


roid, whoſe Content may be computed 7 W 22, Page 
which gives theſe two Rules. | 3 <4 i 
> '# 


ex . lo twice the Square of the Ss Das the 

I Square of the Head Diameter; multiply that Sum in- 
Nor f. 3 to the Length, and divide the Product by 077716. 
Fix. 3,8197*282 for Ale Gallons; and by 882,368 


BEES „ for Wite Gallons, * 
WEL: ©, 14 4 | A. 2 Ro 


1 "of Prafifeai Gal d 45 * 


To twice the Area of the Bung Circle, add the Area 
Jof the Head Cirele; multiply their Sum into one 
Third of the Length, and the Product will be the 
(Content in their reſpeQive Gallons. 


＋ 


1 1. Suppoſe a Caſk in the Form of this middle * * 5 


a Spheroid, Whoſe Bung Diameter is 31 vs — A , 
and its Length 42 Inches. : y 7 OY 


. Firſt 315K; X2==t984, s. And 8 28 g 
| Ares 25 2584,74. And 3584, 5 X42=108559,5 
| Then 1074315) 108559,5(100,78 the Content in Ale Gallons.” 
| And 882,35) 108559,5 (123,03 the Content in Wine Gallons.” 
Or thus, by the Second Rule. 


» 


Bike Diameter 37, twice its Circle's Area is 3,52 3. + $45 
o Head Diameter 24,5 its Circle's Area is L 
The Length 42 divided by 3 is 14. 7,1988 eicgantt 


Then 7,1988 K 1400,78, the Content in A. Ones as deſvre: 0 
And ſo the Content in Wire Gallons may Bs found, 


_— 
—_ - 


II. If the Staves of the Caſk are not quite ſo mueh covet 6 or 
arching, as was ſuppoſed before, the: Caſk is then taken for the 
middle Fruſtum of a; parabolic Spindle, and its Content is com 

 puted, as by Theorem 27, Page 432. Which gives this Rule. 
Lo twice the Square: of the Bung Diameter add the 
\ Square of the Head he uae from their Differencg, 


. . : 
8 KK = CR Cs «A * =.” 5 4s * SO. 


Rox. J ſubtract 4 Tenths of the Syuate of the Difference of the 
I Diameters; multiply the Remainder into the Lebgii, 
* and divide the Product by 1077,15, &c. Ky above. —— 

k IJ 


Reemple 2. Suppoſe the Dimenſions the fame as 3.454 Then 
31,531, 2 + 24, & 25 = 28878. And 31, — 4% 
J. Again 7 X No, 4 = 19,6. And 3384,75 — 19, N 4 
1099903; „ 107715 ee the Cont. ig 2 
for 5 5 R 


TI SS 


—4 


_— — 
AM A * 
: — Ih 
A 2 ' « 
x 1 
2 * * - < mas * * 5 
n 


& 5 
; | 2 NL When the fakes bf te Caſk are but —_ mile dw or 
* arching; then it is ſuppoſed to be in the Form of the Fruſtums of. | 


two equal parabolic Conoids, abutting. of joinir g together upon 

one common-Baſe at the Bilge, and the Content may be found + 

| by Theorem 25, Page 430. which gives theſe Rules. #7 

T Io the Square of the Bung Diameter add the Squate 

I of the Head Diameter; multiply their Sum into id 

Ron < Length, and divide the Product by 718,08 (vi, 
2,5464 NK 282) {or Ale Gallons; or by 588,22 (wz. * 
r 2,54948231) for a Gallons.” 1 | e 


4 


m "= 2 1 
9 „ 
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* Tote 3 the Sing Circle add the 18 of the | 
| l 25 ber. Cirele; multiply 2 Sum into half the Len geh; 
1 0 and the Product will be the Content required. 11 


* pl 3. Wich the ſame Dimenſions as before.” Then - 


315 X 31,5 + 2435 $2415 2 1592,5% And 1592, ee 


And 718,08) 66885 (03, 1 the Content in Ale Gallons. 
Or g88, 22) 66885 (113, the Content in Wine Gallons. 


IV. I che Staves of the Caſk are ſtreight from the Belge to the 
Heagq, as the inner prick'd Lines in the laſt Figure (if ſuch a Caſk 
adan be made) it is then taken for the lower Fruſtums of two equal 
Cones, abutting or joining together upon one common Baſe at the 


: 


Baolge. And its Content may be computed as at Problem 13» F oy 


„or by Theorem 15, Page 415. Thus, 
Bf : To the Sum o be 5 of the Head and Bung Dia- 
meters add their Product; then multiply that Sym into 
the Length, and divide the laſt Product by 107 7,15. 
lor by 882,36. The Quotient will be the Content, & c. 


l Example 4. With the fame Dimenſions as before. 
22 3 rr. +3115 X24,552364,25 


And 2304,25 %42 = 99298,5.. Then 1077,15) 99298,5 (92,18 
the Content | in Ale Gallons, and ſo on for Wine Gallons. 


Thus you have the Methods of computing the true Contents of 
«the four Solids, in whoſe Farm all Caſks 

are ſuppoſed to be. And dy the Exam Ale Gallons 54 

ples it appears, that four ſuch Caſks aq I. 100,78]Differ, 
have their Dimenſions all equal, andthe] II. 100, %˖˙ 0,7 
ſame with thoſe above-mentioned, theiIIl, 93, 7,00 


From the Diſpropettion or mern of theſe Differences it 
Will be eaſy to conceive, that. there . be ſeveral Caſks M hoſe 


les, ſome Is (chat have written upon this Subje&) have 
laid down, Theor Ons of pwn Invention, (and yet called them 
by theſe Names) others poſed Tables for the fame Purpoſe. 
But ice" is ſo, that, a. can * —— gueſs at the Truth, the plaineſt 


© poſed Sake” and therefore, in order to reQify the ſaid Tnequa- 


RK. 996 


h a mean Diameter as will auer the e Caſk 
ET. . ; | 


* A = 
* 1 7. ? 2 
„ | + | 
2 F 0 : KEE 

3 wy” 
+ aq 4 * + 4 

1 7 z 2 

l * 45 bugs . * 
8 * 


„ ooo ith oe aun. Goo ad. a 


| Huren will be as in the Margin. V. 92,18 _— « 0.83 | 


Contents cannot be truly found, acagiding to the aforeſaid ſup- 


ayd 5 or Way is to be preferred in Practice; and that is, by 
c 


328 


9 <4 — \ ' T. * 
of N — 
cd * * 
* = * 


5 A r 1 
FuMultiply the Difference between the Head and Hun 3 
I Diameters, with 0,7. or with 0,65. or with 0,6. or with 
Thus, 19955» according as the Staves of the Caſk ate mote or 
us, leſs arching; add the Product to the Head Diameter; 
fand the Sum will be the mean Diameter require. 
Then find the Content, as at Prob. 11. Page 444. 
Example. With the ſame Dimepſions as before. Ihen the 


: * 
: £ 
-« - 5 
* 
4 


99 a - © 


— 
Bung Diameter leſs the Head Diam. is 31,3 —24, = And 

i | * ”— AD. | AG.” 1 | ont. | Dif. «i | 

„ a 29A its Area 2,4073X4a=101,10Þ © 

* 4 Ko, 65 =29,05 — 2,3504X4a= 98,71 | OE | 

5 No, 6 228,70 —— 2,204 1X 42 96,35 2, 36 | Rs * 12 1 | 
i *> 70,5 =28, 5 2,2 8 X42 4032,32 2 | | a F 
From theſe i may be lara, that the en | 


each Caſk's Content is regular, and very near equal; which plainly . 
ſhews, that there is not ſo much Room left ſot Error this Way of  __ - 
computing their Contents, as was by the aforeſaid Forns. 
Now the firſt of theſe four (viz, with 0,7) is very.commonly 
uſed among Gaugers for all Sorts of Caſks,;.. but 1 did never 
gauge any Caſk that would contain quite ſo much as that Rule 
did make it; and the Reaſon doth appear very plain from Theorem 
22, Page 427, being compared with Theorem 19, Page 426, and 
the lat Figure, , chat no Caſk (being regulatly made} een 


1 
+ 1 


: * 


hold more than the middle Fruſtum of a Spheroid. But I As, 
found by Experience, that if the ſecond and third” of theſe Rules 
(viz. with 0,65 and 0,6) were duly applied, they would anſwer = 
very near the Fruth amongſt the cqmmon Sort of Caſts; and ide 
fourth Rule (viz. with o, 565) will come pretty near the Truth'in * 
computing the Contents of Caſks, whoſe Staves are almoſt ſtreighit 
betwixt the Head and Bung, viz, ſuch as Wine Pipes, Ke. 


* * 
9 
3 


Sect. 6. To. find whot Quantity of Liquor is either drawn forth, - 
or remaining in any ſpberoidal Caſt, uſually called the Ullage of « © 
Caſk; bath two Cafes. 5 
n find what Quantity of Liquot is in the Caſk, when 
its Axis * pendicular to the Horizon, viz, when 
it ſtands upright upon one öf its Heads. | I 
In order to perform this the eaſieſt Way, it will be convenient 
to know how to calculate the Area of any Circle betwixt rhe Bung- 
and Head, whoſe Diſtance from the Bung or Middle of the GM 
is given. Now that may be done by this Proportiot. | 
us the Square of half the. Lengih ot the Caſk tis tothe © 
Difference between the Bung and Head Areas:: ſo ig 
Piz. J Square of any Circle's Diſtance ſrom the Bung : to the ©» 
Differences between the Bung Area, and the Area of chat 
Circle; viz. the Area of the Liquor's Surface. 
2 


» « 
* 
4 


* 1 


r 


Ot baden Sehe 


1 | jap 1 £9 \ * MF . 
| + H = Half the Length of the Caſk. of 
3 Let” 'D = Half the Bung Diameter. 
9 : Half the Head Diameter. 


* K the Diftaned of 1 Circle from . 
And” "the Bung 
Half the Diameter of that CATE: 


""DiruonrrRaTION. 


17 ben according to the common N of the Ellipſis, Page 
368, it will be, 


PT : BB—HH: dd. And BB: HD:: BB PP: as, 


DD HH. „ MLWP DD PP n 
| 0 =BB. "A Ane ns 4 BB. 
W DD — 40 EO, 
| DD HH . R | 
eka = — 4 
DD —di  DDPP. 


=  __ "This Equation, being bs out.of the FraQions,. will be: 
dome DDHH--aa HH = = DDPP—dd PP, which gives this Ana- 
4 - HH: DD—44:: PP: DD. Then DD — aa being ſub- 
acted from DD, will leave as, But Circle's Areas are in Pro- 
portion to the Squares of their Diameters, by Theorem 6, Page 
Therefore, &c. Q. E. D. Then, from the Bung Area 
„ one third Part of the aforeſaid Difference, viz. between 
the Bung Area and the Area of t * Liquors, Surface; multiply 
F-. the Remainder with the Liquor's Diftance from the Bung, and the 
"2 Product will ſhew what Quantity of PO either above or un- 
=": . er. half the Content of the Caſk. _ 


\ 


Ky Example. Let us ſuppoſe a Caſk of 1 1 "© A Wah 
that in the firſt Example, Page 451. and let it be required to 
find what Quantity of Liquor is in it (of Ale Meaſure) when 
there is but g Inches wet. Here half the Length of the Caſks is 21 
Inches, whoſe Square is 441, ard ng Liquor's Diſtance from 
the Bung i 5. 212=0:=1 4." Its Fame Is 144. The Difference 
between the Bung and Head Areas is 1 76217 (22,7633 
1855716.) Then 441 : 1,0G17* : 144: 0,3564 | 
And 2,7635 ee = 2,4071 the Area of the Liquor" 
* Surface. 

Again 3 9,3564 (0/1188. And 2.7655. 2 188 = — 2.6447 | 
_ "Ther 2 0447123147364. what the Caſk wants of being hall 7 
6 full. . 0,3931318, 66 will be the — = 

3; . * the at e Weh i Ale Gallons. * \ 


nm 44 


* hid r * 


Coſe. 2. To find what Quaniity of Liquor is in any 1 WO. 8 


0 And ee the Number uf a wet Lon ts 


FI" 


Abd i the Caſk had a. but 3 ing full; . . 
doe v would have deen yo Quantity of Liquor 
in the C 

Nete, becauſe the two firſt Terms (viz. 441 and 1,090 9) in the 
Proportion are fixed, viz. continue the ſame for.any Diſtance, it 
will be very eaſy to calculate the Areas of all the Circles betwixt 
the Bung and Head to every Inch, and by that Means to make a 


ay — 


4 chat will ſhew what Quantity of Liquor is * e out, 


remaining in the Caſk at any Bann | 


Axis is parallel to the Horizon, viz. when it lies along. 

There are Variety of Tables to be found in Books of Gauging 
for this Purpoſe; but I always obſerved, that the following Me- 
thod of computing the Ullage, ty a Table of the Segments of a 
Circle, came very near the ruth in all Sorts of Caſks, which is 
thus perform'd: 

1. By the Bung and Head 8 find ſuch a mean Diame- 
ter as you judge will reduce the propos d Caſk to a Cylinder, by 
the Method laid down in Page 453. And then find its full Con- 
tent, as in thoſe Examples. 


2. From the Bung Diameter ſubtract the mean Diameter, and 
half the Difference, (viz. divide it by 2.) 
From the wet Inches of the propos'd Ullage, ſubtraQ the 

wt half Difference, and call it x r ata this Proportion. 


| Ne be end Dian Si Ys (che Diadfeter & th 
Viz. Lat Circle) : : ſo is the erence (viz. æ) f to a 
verſed Sine in the Table. N 441) 


Then if the tabular Segment, Which ſtands againſt that 1 
Sine, be multiply'd into the Content of the Caſk, the Produtt 


will ſhew'the Chae viz, what * of Liquot is either 1 in 
the Caſk, or drawn forth 


Example 1. Let the 


| ſk be that of the ſecond Sort; in in Page 
453» viz. whoſe Bung Diameter 4 38 Inches, mean Diameter 
29,05, and the Content 9 7 Ale Gallons; and ſuppoſe there 


were 10,5 Inches wet in it, it i _- to find the wet and ay 
Gallons? * 8. | 


Here 31 15—29,05=2:h5 bil is 1,22. And 20.06 4,266 . 
Then 29,05 : 100: : 9,28 : 31,9 V. Sine; its Segm: is o, 


2, 


red — 5 15 be een, hs as WIL CET. | 
1 19,78: 68,0; its Segment is 0,2411 
1 And 98,1 * 3 the Number of dry Galtons. _ 
= 71,4827, 122290, ö the Contents of the Caſk ay i near; 
d plainly ſhews the Truth of this I] 


” 


$ 


3 „ - Thus far may ſuffice concerning Gauging of Backs ot Sichen, 
duns, Coppers, and Caſke, &c. To which! ſhall only add, ke Big 
2s the Contents of all Brewers Utenfils are to be compu | 
Ale Gallons, ſo the Contents of all Diſtillers Gren e (viz. a 
their Waſh-backs, Stills, and Caſks, &.) muſt be computed by 
EY the Wine Gallon. by 1 
Andi in gauging Malt ( n which there is now a of 
| four Shillings per go: (on muff obſerve, That a Corn or 
„ _- Mal-Buſhebdoth contam 2140,42 cubic Inches; (See Page 6) 
+ and: therefore in gavging of Malt-Ciſterns, or, other elit 


4 2150,42 will be a conſtant or fixed Diviſor for finding the Areas 
$ ef right-lined Figures in Buſhels at one Tnch deep, and 2738 
1 JE will be a-conftant or xedDiviſor for finding the Areas of Circu- 
1 ar Figures 
Ihave omitted this Buſineſs of gauging Maſh-Tuns, and taking 
An Aecount of the- Goods or Grains; in order to eſtimate. what 
Quantity of Worts were produced from them, &c. becauſe 1 
could never find (by al my Obſervations) any Certainty: therein; 
nao is it poſſible thergſhodld be any, by Reaſon of the great Dif. 
ference that is in Malt (and its Grinding too) for the beſt Malt 
lien ground) will yield or produce the moſt Worts, and leaſt 
rains; on the contra bad Malt * ground) ne the. 
5 | "leak Worts and moſt rains. | 
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AHE Mathematia 2 e able 1. » 
1 vanteges ,- firſt; bythe Introduttion of. the Indian (ba. 
rafters, and afterwards by the invention of Decimal Frac- 
tions; yet bas it fince reaped at leaſt as from the Inven- 
tion of Logarithms, as from both the other two. The Uſe of 
theſe, cuery one knows,” is of the greateſt Extent, and runs 
— per Parts of Mathematics. By thetr Means it is that - 
Numbers almoſt infinite, and ſuch as are otherwiſe impracli- = 
cable, are managed with Eaſe and Expedition. By their-Aſ- » al 
fiſtance the Mariner fers bis Veſſel; the Geomerrician itfveſ- *j 
tigates the Nature of the bigher Curves, the Aſtronomer de- 
termines the Places of the A the Philoſopher accounts for 
other Phenomena of Nature; and laſtly,” the Uurer com- 
utes the Intereſt of bis Money. 

The Subject of the following Treatiſe has Jebel vate 8 
by, 2 of the firſt b Rank ; ſome of whom, taking © 
in.the whole Doctrine, have indeed-wrote learnedly, but ſrarte- 
ly . intelligible to any but Maſters. - Others, again, accommo- 
dating: themſelues to the Apprehenfion of Novices, have ſelett- 
ed out os of the moſt eaſy and obvious Properties of Loga- © 
rubms, but have left their Nature and more intimate Proper- ö 
tes upurouched. My Defign therefore; i in the following Tra, 
45 to ſupply what ſeemed ftill wanting, vie. 10 diſcover and. — nn 
explain the Doctrine of Logariuhms, to thoſe who are not 8 ———= 
got beyond the Elements of Algebra and Geometry. 

The wonderful Invention of Logarithms we owe to the, i 

Lord Neper, h was the firft that conſtructed and publiſh- be ; 
ed a Canan thereof, at Edinburgh, in the Year 1614. This i 
was very graciouſlyrecerved 72 all Mathematicians, who were 
immediately ſenfible cf the extreme Uſefulneſs thereof "And * 7 
700 it is uſual to have various Nations contending for or 1 
Glory: of am notable Invention, yet Neper is univerſally # 28 
lowed the: h wentor of Lo eritbris, and enijcys the whole Ho 
nour thereof without any Rival 25 ; 

"The ſame Lord Ne 77 n invented another M 
more commodious Form of Logarizhms, which he afterwards 
communicates. ;3 Mr. Henry Briggs, Hrofeſſor of Geometry at 

4 Oxford, whq was hereby introduged-as a Sharer in the com+ 
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as thai But, the Lord Neper dying, the ws 15 
neſs remaining was devolved upon Mr. Briggs, who, with 
prodigious Application, and au uncommon Dexterity, compaſſed 4 
4 a Legarithmnic Cann, agreeable tothat new Form for the firſt 
twenty Chillads of Numbers (or from 1 w 20000) and for 11 
 othe#\ Chiliads, viz. from goooo to 10000. For all which 
| Numbers be calculatedthe Logarithms to 14 Places of Figurer. 
This Canon was publiſhed. at London in be Year 1624. 
Adrian Vlacq publifbed again this Canon at Goude in 
Holland in the Year 1628, auth the intermediate Chiliads 
Vie fore omitted, filled up according to Briggs“ n | 
but theſe Tables are nat ſo uſeful as — becauſe the 
Wo 4 are continued but to 10 Places f Figures, 
Mr, Briggs a//o has calculated the Logarithms of the Sines 
and Tangents of every Degree, and \the hundredth Parts of 
_=_ _ 49:15, Plates of Figures, and has ſubjoined to them the 
natural Sines, Tangents, and Secants, 10 15 Places of Figures, 
The Lugarithms the Sines and 7. e are called artificial 
Sines and Tangents, but the Sines and J. —_—_ themſelves are 
called natural. Theſe Tables, together with their Cunſtruction 
. and, Uſe, were publiſhed after Briggs's Death, at London, 
in the Year 1633, by Henry Gellibrand, 1 by lim called | 
rigonometria Britannica. | 
= noe then, there haue been publiſted, in $a Places, 
=. e Tables, wherein the Hines and Tangents, and their 
. Logarithms, conſiſt of but ſeven Places of Figures, and where- 


in are only the Logarithms of the 3 1% ane 
x WED may be ſufficient for moſt Uſes. | 
= The bet Difpofition-of theſe Tables, in pe” Opinion, irthat, 
N thought of by Nathaniel Roe, f Suffolk; and, with 

ume Alterations for-the better, followed. by Sherwin. in bis 

. Mathematical Tables publifbed at London in 1905 ; wherein 

4 * are the Logarithms from 1 10 101000 confiſting of 7 Places 
e Figures, To which are ſubjained the Differences and pro- 
3  Aortional Parts, by means of wich may be found eaſily the 
»  Logarithms of Nambers 1910000000, obſerving at The ſame 
Time that theſe Logarithns confi enly of y Places of Figures. 

Here are.al/o-the Sine ungen, and Secants, with the Lo- 
 garithns-gud. Different ge Degree and ' Minwe of the 
2 ag 2 iq —W * 7 Foo in 3 . 


convTRVCTION 
l * 3 * | ESE, ; 1 


AE = moſt . Any) uſeful lat” were "ib mn. 2 
vented by the famous and never to be forgotten Lo 

Neper, Baton of Merchiſton in Scotland, — (4m. 

it 4.) who ingenioully contrived. to perform Multiplication ane 

Diviſion of natural Numbers, by only adding or ſubtraQting cer- 

tain artificial Numbers, which he called. :Logarithms, and the 
Extraction of Roots by dividing the Log. "x 2 for the Square : ; 
by 3 for the Cube: by 4 for the Biquadrate, &c. #4 | 
Invention of his (no doubt) p toceeded from amature Con- - 
ſideration of the Coherence that is 10 Numbers in et 


cal Proportion and thoſe in r P efſion. | 3 4 
As in theſe following: * 


4 
5 4 3 
I 
1 


2 1 816 32 64 128, fic. Drona 
en,, 2 an > 4. .. 6... 7, &c. Arithmetical. - 
"It is very perceptible, that, as the Numbers in the Geomerrical 


Proportionals are produced by Multiplication or Divifiet, theſe i 
tbe Atiheetical Progreſſion are e e. by Har a babe. = 
tion: As dath appear in this Example: | 
Vie. TREE "For. or. 1 128—=32=4 Geometr. 3; « 

2+ 5= 7 7.— $=2 Arithmet. 1 
Again, 2 240 85 1000. 10000. 100000, &c. Gehmett. 


D $, c. Arit ; 
The ſame Coherence is « berwixz c theſe aner, as was barer, 2 


the two firſt Ranks. $7 
Fiz, $ 1000X10=10000 100000-> 1090= 100 Seng, ; 


- . . 
** ＋ _ 0 


bd p * 
1 ot 
= 2 * 


ny 


+1 = * =. 2 Afüihmet. 
Liber df eh hele Examples do on der dhe b Rea ſon and WL... - 4 

Ground of Logatithms. * k 
And from the latter of theſe it was, that the prims Leibe. 2 
or .CharaQeriftics were we rk + FLY 1 


7 4 4 9 4 . * 4 
HS" M K * . : » , * by 6 * | * o 6 
1 
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162 Conſtruction e Logarithms. 
3 | — 
80 . x 
i NN 0 
74 "i ; * 8 { * 4 
ee, 1000 
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100000 | 5, bi 


| Having laid thig Foundation, the next Wark was to find out 
ide Logarithms of the intermediate Numbers ſituated betwixt 1 
and 10, viz. 2, 3, 4, 5, 0, 7, &c. and of thoſe betwixt 10 and 
1% Biz. 11, 12, 13, 14, 15, &c. and fo on for the reſt. This 
was a Work of ſome Difficulty, and very la borious. 


* 


Tuheigeſt Step in order thereunto (as T conceive) was to find out 


. .__- {and Yeaſt thereof) might be a mixed Number leſs than 2, and fo 
near as tohave ſuch a Number of Cyphers before the ſignificant 
Peigutes thereof, as was intended x hn of Logarithms.in the 
Taable ſhould confift of. Which Means are to be found, by ex- 
_* -traQing the ſquare Root of 10 (having firſt annexed a competent 
Number of Cyphers thereunto ;) then extracting the Root of that 

Root, and fo by à continued Extraclion of Roat out of Root, 
until there be a Root ſo qualified as before-mentioned : Which, 
to make a Table to ſeven Places in the Logarithms, will require 
twenty-five ſeveral Extractions, the laſt of which will produce this 

„ Nou 8686223 %. 

5 The next Step was to find out a Number betwixt [I] and [0] 
in Arithmetical Progreſſion, that might truly correſpond with the 

| Means before found {betwixt 10 and 1] fuch a Number muſt con- 
1 ſequerily be its Logarithm. And this may be found by a conti- 
| nual biſeAing or [halving] of 1, ſo often as was the Number of the 
fore 


ang Extractions to wit, twenty-five] the laſt of which Bi- 
vill produce - 0,000000029802322, &c. the true Loga- 
| r . . 8 
Por as 1, 0000006862238 by twenty-five continued Involuti- 


x 


ons ſ vis. firſt into itſelf, then that Product into itſelf, and ſo on 


the like Number of Doublings and Redoublings, produce 1. 
4$ This Mean [or Number] and its Logarithm being thus found, it 
oil follow by Proportion, As"the ſignificant Figures of this Mean 

2 : are to the ſignificant Figures of its Logaritbmst:: fo are the ſigni- 
ficant Figures of any Mean, betwixt' any given Number and 1: 
SP 1 | 8 uk [having 


2 Rank'of continual Means betwixt 10 and 1, To as that the laſt 


* Auces lively] will produce 19; ſo. will 0000002980232, by the 


* 


20 2 — 


So 2 — 2 
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aving ſeven Cyphers . before ſuch Figures, as this hathl 1a be 
gnificant Figures of its Logaruthm: - Lo which muſt be prefixed 
ſeven Cyphers io complete it. After-which, being doubled; and 
redoubled according io the Number of ExtraQtions required to 
produce us 9 Mean, will at laſt diſcover the true I0-- 
Fun the given Number. For the clearing of this, take an 
xample, CNRS” r 1 eN-1 
Suppoſe it were required to find the Logarithm of the Number 
2, to ſeven Places, Firſt, by a continued Extraction of Root out of 
Root, beginning at 2, find ſuch a Mean, or Root as before, be- 
twixt 2 and 1, as will have ſeven Cyphers before us ſignificant Fi- 
gures; which after twenty-five ſeveral Extractions, will be this 
Number 1,00000008262958. Then, according to the foregoing 
Proportions, it will be 6862238 : 2980232 ; 8262958 :35B85g7; 
To which prefix ſeven Cyphers, as before directed, then will | 
1,00000008269958 have for its Logarithm, Weesen T3 
which being doubled ard redoubled, as aboveſaid, will produce 
, 3010299798658, the true Logarithm of 2; which being con- 
tracted to ſeven Places, according to the firſt Deſign, and agreeable 


to the ſeven places of Cyphers; then it will become 9,3010 a9 9. 
But, in all the Tables that I have ſeen, the Logarithm ct is 


, ;0 10300: I conceive the Reaſon is, becauſe the remaining Fi- 
gutes 7958658 come ſo near Unity of the laſt Place in the re+ 
tained Figures. e Zn M tht of Boe 
And, by the ſame Method that this Logarithm of 2 is made, may 
the Logarithm of any other Number be found. But when once 
the Logarithms of a few of the prirge Numbers, viz, of 3. 7, 1 
13, &c.. {that is, of ſuch Numbers as cannot be produced by the 
multiplying of two Integer Factors] are obtained, the reſt may be 
eaſily compoſed by inen and Fub traction only. For as 3 X 2 
= 6 ſo Log. of 3-+log. of 2 og. of 6, And as 10 2 566 
ſo Log. of 10 Log. of a Log. of 5. Tbe like of all Num- 
bers that have aliquot Parts (that is, ſuch Integer Numbers as ma 
be divided by Integers.) And indeed the Logarithms of ſeveral of 
the prime Numbers may alſo be obtained by Addition, or Subtrace . - 
tion, as might eaſily be ſhewed, and is not. difficult to conceive by 
any one, who but duly conſiders the Nature and Deſign of Loga- 
rithms, &c, of which I ſhall. forbear ſaying an) Thing in this 
Place, and keep to my firſt Deſign herein, which was to give a 
brief Account of the ingenious Author's Method, as I conceive.it, of 
making the ſame ; who undoubtedly found it a very difficult Work, 
by Reaſon there are required ſo many ſeveral Ex tractions of Roots 
out of Roots, which muſt needs render it both troubleſome and la- 
borious. Then to propoſe a different Method of raifing the Loga- 
rithms of ſuch prime Numbers before-mentioned, which requice 
the Extraction of Roots to obtain their reſpeQive Means, with 
5 : ' one 
* 


— 


ing Method. And not only ſo, bot more 1 ; 605 by our pre- 
ſent Method of converging Series, the Root of any Power, how 
high ſoever it be, is eaſily found at one ſingle Extraction and 
thereby the Errors which would ariſe by extracting a Surd Root 
out of à Surd Root, eſpecially when often repeated, are avoided ; 
and conſequently ſuch a Mean, as may be required betwixt any 
Number and Unity, is thereby more exactly found. © 
Now, how this may be performed, There intend to ſhew, as 
| briefly as I can. In order thereunto, I take this as a Model. 
Let a the Root, or Mean required betwixt any Number and 
Unity: ö o ts | n 
( =Da' 4 2 2 2044 
mea 2 Jas 23 = Ua α —=DOas* © 
Lans 4 ans = Jai, 1 = g*55 
And ſo on ſucceſſwely with the Indices in Geometrical Progref- 
| Fon, until the Power of a be made equal to ſuch à Term in that 
- Progreſſion, as that the Root, or Value of à may have, betwixt 
Z - Unity and its ſignificant Figures, fo many Cyphers, as are the 
intended Number of Places in the Logarithms. 5 N | 
Por Inſtance, let it be required to find the Mean between 10 
sand t, then the Power of @ muſt be 4 33554432 = 19, this Index 
f 335844532 being the 25th Term in Geometrical Progreſſion, which 
may be thus determined. ee OR : 
Loet 1, the CharaQeriſtic or Logarithmi' of 10, be divided by 
uch a Term in Geometrical Progreſſion, as will cauſe. ſuch a 
Number of Cyphers to be before the ſignificant. Figures in the 
Quotient, as are required to be before the Figures of the Root a; 
ſuppoſe 7, as before; Then 1,+33554432=,00000002530432, 
ccc. which is the true Arithmetical Mean (as before found, by a 
- - continual biſeQing of 1) correſpondent to that ſignified by 7 ; and 
therefore the Value ofa found by extracting the reſpeQiive Root of 
Yo==a3 355443 will be the Mean required; viz.1,00000006862238 
whoſe Log. is ,00000002980232.' Theſe, being found, are the 
Foundation of the reſt, as before. Sdn et 


o 


* 7 


% 
4 * 
fe 4 * 
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Then ſuppoſe it be required to find the Logarithm of any of the 
prime Numbers; it you plefiſe, that of two. In order thtreunto, 
ſet a= the Root or Mean fought betwixt a and 1, as before; then 
muſt a be continually involved, as by the above Model, until its 
Index be equal to the greateſt Term in Geometrical Progreſſion, 
whote Number of Places of Figures are to be equal to the Number 
- of. required Cyphers before a, to wit 7. According to which, the 
Power of # will be 486 86082 (this 8388608 being the 23d 
Term in Geometrical Progreſſion) conſequently the reſpeQive 
Noot of 28 335507 will be the Mean required. 


OE, : « Example. 
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* a — 
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e 2 2 4 * 


e iam 


e Letir he 5 * Joh 
Then! Ailezt 4+ 8488608 760. 


8 15 
d + 9 184367894528 153556 5 38 ige ba 
J4 ſer — 1 ' * 4 
; Then I * $388608-+35384367804528ee=2 an au 
y That is Westen sede e 4 

Each Part being divided by the Co- efficient found prefixed to 
s ee, VIL, 351843, &c. then it will hecome 

35 490000023e-þe9,0000000000000884= 
d | Conſequently Dre, * 
0 | ,0000000000000284=D 2 

000 οEꝓmai e n of (00000008=e | Na 
a + e= = : 200000008 , | bs 6 
, . N 
0 Diviſor 000g 2 1 2 Ye... 
; Firſtr=1, | bY Bt ra A 
f + = 00000008” | ; | a bt 6 3 8 = = ROE. 
| New #= 1 ooabodl} + en e LEN 
q which being duly, involved, in the ſame Order as tha Model * 


| notes, and multiplied into the . Co-efficients, = ow” 
uce theſe Numbers, | 


Viz. 1,956368967 + 164111 "+ 68B3341606Ga8ger=a. 


Then 16411168 f 6883341606628gee = 043636103 
And ,0000002384e-ee= 20003393 7 
2 Conn ms" ; If, 1 


2 N. n. ö 63 8 
"Se — Mc | | a dry * 
13393 3 | 
Diebe ,0009002410 9330 = 9 | 
b 3 * Ly 7230 To Ks. 
bes.. i” Wea 
tre. 200000000263": 4 
e aer e ee 


ito Tocoohconl | 


0 00 Wi SL I take * 


„ e 


11 takes only 1,0000000268'= e which 1 ache and 
ordered as before, wil produce theſe follqwing Numbers, viz.. 
1:999503684867 + 16773088eþ 70351267454084 cen"! 

Then 1677 3028e-+ 70351267454084ce=,000496315133 
_— = 00000000000000000705 $91443=D 


D 
«4 Noh ee 
pl * ,So000000000080000705481 443=D. 
NP 47686 Lee,. 
* 4 000 899090296 — 8 — 
2285214 | 
Diviſor eee 2146023 | 
Pry - 
Þ 'Divifor 1006000238447 os 14019143 Fi 
| — -,. 11922405. 
Diviſor 0000002384481 * — 


* 509673 bene. 
n 19075849 
Diviſor, and make uſe of the — 7 


5 PLS 1891532 * 
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222.396 


5 Laſt Fr e 3 2 fo eee 


TY e=  ,0000000000295879 - 


—@ 'wů 
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a= = 1,0008000826295879 n G 


This Value of a= 8588600052620 659 4 is = Geometrical 
files betwixt 2 and 1, as was required; [agreeable to that before 
found, by*twenty-three- ſeveral Extractions.) And by this Me- 
thod of proceeding, may be found the Mean betwixt 10 and 1, 
iz. 1,000000068622.38, or 'betwixt any other of the (beſore- 
mentioned) Prime Numbers and Unity, as might eaſily be ſhewed. 
But for Brevity Sake, I ſhall omit giving more Examples thereof, 
this one being ſuffcient (eſpecially to the Ingenious) if well conſi- 
dered, and but once underſtood, io ſhew the Nature of, and Man- 
ner how to proceed on the like Occaſion, of finding any propoſed 
Mean. The next Thing will be to find the Las ien of the 


Number from whence fuch Mean was produced, which may be 


thus performed. 


Firſt find its correſponding Aritbmetical Mean, or Logarithm, 


by. Proportion (as in Pag. 462.) then multiply that correſponding 
Mean, ſo found, into the Index Number of ſuch. Power as the 
rica! Mean was Ee — that Product will be the 


Aan, 


8 "EY "" . 


Logarithm of a dame owe a continued Doubling 
and Redoubling, as before For the clearing of this 85 ſet it be re- 
quired to complete the Logarithm of 2. 

Having firſt ſound i, 0006862 38, the — — G 
cal Mean betwixt 10 and 13 alſo its dae Logarithm 
,00000002980232 (as before directed) with them and the 44 
betwixt 2 and , laſt found, vix. 000000828 05579 
uſe of the, above-mentioned Peper 15 in Pap, i 

6862238 : 2080232 ;: 826295879: 338355 | 
To which prefix ſeven. Cyphers to complete it (as be —5 Then 
it will become 000000035885 5729. This Number being mul- 
tplied into the Power of 2 . that 1 is, ſee Page 465) will pro- 
duce the Logarithm of 2. 

dx. 000000358855 298; 3886085. 30 163086391333 To 

But according to the firſt Deſign, it is required to have but ſe- 
ven Places, vlg. o, 301 300; which is the true Logarithm of 2 
without any DefeQ, © | 

Thus I have preſented you with a new 2 expeditious Method 
of making Lagarithms; which if they were required to fourteen _ 
or fifteen Places (I can modeſtly ſay) they might then be made 
with one twentieth Part of the Tune and Trouble required by 
the 9 * 


4 IT A I rr HO. 3 
« FF = 


- „ 


N. 


——E— 


5 


r 5 44 


. 


— — ew res oO + 
o 


fi 9 


"PIMP 


* = 
* 


5 * 


1: Nat, "Num, , 8 


* , 12 SY * ITN 
4 o FEY . 
* 1 11 9 
i 9 3 
= 


WON 


— 


e | LO of Loguithne, 


ug to a in by 8 "OP 
3 
ff | Glee. Nat. 1 


Emre 


ue 9 
» i 


| . METHOD, Ka 
* ER $7 * 
: ANew Table 2 Gee iy Mr. Lowe... Finding 
the Logarithm hy Divi n onily, and the Natural * ala 


757387777 — 7 588887250 
6. 3095 7344s o οοο 1.00018 624 
3. 011872336 | fo οοο 10001611944 
3.981070 f οοο t 1.003816 
3.1622 77660 fo. οõẽ“ꝓe 1. ooo 15136 
| dass gte e οοο T1 .000092106 } 
19952023 15 \ 000003 1. .oooobgo80 | 
i 1.584 893 1931 | 0.60002 „ ps pr | 
3 1.258915412 } | 000001 _ 1. 000023026 | 
q 1. 2302687 1 | 0,000009/ 1.0001 20924 | 
2 4 1.202264435 | | 0,006008 1.0000 18421 
„ 1174897555 | þ 2-000007 1, 00016219 
2 1.148 153621] - | 0600906 | || 1.00001 3816- 
. o, 5 1122018454 o, q es 1. 000011613 
4 0,04 1.096478 196 0,000004 _ | 1,000009210 
5 0,03 1.0715 19305 o, ooo 1. 00006908 
2 ©,02 4 1.047128548 | |} 0,000002 1.000004605 
1 o,o 1023292992 ©0,000001 1.000002302 
3H cet SOR Maint — — - 
4 ; | A 2 802 1.020939484. o, oo | 1.000002072 
Y © 008 | 1.018591388 0,0000008 | 1.00003 1842 
1 o%%οõ T 016248694 0,0000007 1.00000161 1 
"0,006 1.013911386 [ | 0,0003006 1.000001 381 
6905 1.011579454 O,0000005 000001161 
0,004 1.00925 2886 0,0000004. | 1.00000092 1 
| ©,003 1.00693 1669 0,00060003 | 1.000000690 
0,002 1.004615 794 o, οοοõοσ | 1.000000460 
o,o 17395239 | 0,0000001 - | 1,.000000230 
3 
| 0,0009 102054475 
0,0008 1. 001843766 
o, 0 1 001613106 
| o, oo | 1,001382509 | 
0,0065;/ wi} 100115 1956 
oοỹ)rt . 00092 1450 
0,0003 8 1.000691015 
8 oog L | 
0.0001 , + [7 000230285 | 
SF) 


"Oy N | TR TI OR N | 1 
* 25 TIS MIT. 8 7 23 9 1 
This Table 1 ſometimes make uſe of for finding the Eogarithmn 
of any Number propoſed;' ard vice ver/ea. Suppoſe I had Gœa,jẽ 
to find the Logarithm of 2000. I look in the firſt Claſs of my 
8 Table (the whole table conſiſts of 8 Claſſes) for the next leſi to 
* 2, Which is 1995262315, and againſt it is 3, which conſequently 
. is the farſt Figure of the Logazithm ſought, - Again, dividing the 
Number propoſed 2, by 1.9952623i 5 the Number found in the 
Table, the Quotient is 1.00 2374467; which being looked ſor in 
the ſecond Claſs of the Table, and finding neither its Equal, nor 
a Leſſer; add o to the Part of the Logatithm before found, and 
look for the ſaid Quotient, r. 00237446) in the third Claſs, where 
the next leſs is 1002305238, and againſt it is 1, to be added to 
the Part of the Logarithm already found ; and dividing the Quo- = 
tient 1.002374467, by  1:002305238, laſt found in the Table, = 
the Quotient is 1. 0000690 70; which being ſonght in the fourth 13 
Claſs gives o, but being ſought in the fifth Clafs gives 2, to be 
added to the Part of che Logarithm already found; and'dividing 1 
the laſt Quotient by the Number laſt found in the Table, vs. 
T.000046053, the Quotient is 1.0000 301 5, which, being ſought 
in the Fxrh” Claſs, gives 9 to the Pare of 2 Los e 
found : And dividirg the laſt Quotient by the new Diviſor, I x.. 
1 2072, the Quotient is 1.000000219, which being greater 
than 1. 0000001 15 ſhews that the Logarithm already found,” Wr. * 6 
3:3010299 is leſs than the Truth by more than half au Unt; 
wherefore adding 1, you have\ Briggs's Logarithm of 2000, vis, 
3010300. ; F 0" 5 ONT '3 
r be given, fuppoſe 3. 010300, throw away = 
the CharaQeriſtic, then overdgainft theſe Figures 3. 0 . .0- __ 
.o, yon have in their reſpeRive Claſſes 1,998262315...... 0:7... 
' 14002305238 ..,.-9...-.. 1,vooobgodo 7. .;o..: o which multi Z 1 
* 


plied continually imo one another, the Product is 2, 00000001 9986: 4 


whichzby reaſon the CharaQteriflic is 3, becomes 2.00,00001 __ | | 
Sc. that is, 200 the Natural Number deſired. I ſhall not men- 
tion the Methoc by which this Table is Framed, becauſe you wil! 
eaſily ſee that from the Uſe of it. * = 
It is obvious to the intelligent Reader, that theſe Claſſes of 
Numbers are no other than ſo many Scales of mean Proportionals : 
in the firſt Claſs, between 1,,and 10; fo that the laſt Number 
thereof, vis, 1288925412 is the tenth Root of To, and the reft in 
order aſcending are the Powers thereof. So in the ſecond Clafs, the 
laſt Number 1023292992 is the hundgedth Root of 10, ard the 
reſt in the ſame Manner are Powers thefeof. 80 1, 02 305 238. 
in the third Claſs, is the tenth Root of the laſt of the ſecond, and 
the reſt its Powers, c. Or, which is all one, each Number, in 
| ay de Wm „ e the 


* * 


= ſtruct theſe Tables requires no more than one Extraction of the 0 
fifth or ſurſolid Root for each Claſs, the reſt of the Work being | 
= done by the common Rules of Arithmetic . t 
4 r —— —— — —ͤ— 7 
A RE. — TY... 7 1 
Their Conſtruction, according to the common Rules, given | 
3 by many ExtraCtions of | Roots, is tedious; the beſt Way yet 4 
A known is this which folloW8 ns. ; 
II nate a Table of Logarithms. 
Y | ol A 2 *e or e * oi; "4 OI, . | V 
A "Firſt, Put for the Logarithm of Ia Cypher for the Index, and "1 
a a competent Number of Cyphers for the Logatithm, according to g 
Y the Number of Places you would have your Logarithms conſiſt of; t 
3 for 10 an Unit, with the 4 Number of Oyphers; for 100, 2, 8 
. with as many Cyphers; for 1000, 3, with as many Cyphers, t 
3 . # R Di 4; þ a : | . 1 0 9 37 £6 
5 Secondly, Find the Difference between ſome two Logarithms - { 
above. 1000, or rather above 10000, that differ by Unity; thus ] 
multiply the two Numbers together, and that Product you muſt * 
multiply again by 43429448190325183896.* which laſt Produẽt \ 
= divided by the Arithmetical Mean between both Numbers, the 1 
= Quotient is the Difference ſought. r þ 
=. Suppoſe we would find the Difference between Ihe Log. 10000, ; 
and 10001, the Product of- theſe two Numbers is 1.000 10000. 4 
. which-multiplied by 4343 produced 43434343 this divided by 7 
Pee 000,5, quotes 4343. Now if to the Logarithm of 10000, which ; 


4,0000000, you add the” Difference before found, to wit, 434, 
the Sum 4-0000434 is the true Logarithm of 10001 to 7 Places. 
Third Yo Havipg thus found the Difference of any two Loga- 
=  rithmsdiffering by Unity, and gonſequently ſome of the Logarithms , 
by dividing the Difference found by the Arithmetical Mean, be- e 
tween any wo Numbers differing by Unity, you ſhall have the , 
Difference of the Logarithm of thoſe two Numbers. K 
Thus to fine the Difference betwixt the Logarithm of 274, and ; 
2753 divide 4349 the Difference of the Logarithm of 10000, and _ ( 
10001 by 2745 the Quotient 15821, is the Difference ſought.” - 
Pourchly, Having by Ks Means found a fewof the prime Lo- 0 
— garithms, the reſt are made by Addition and Subtraction, and hav- 
n icb une Subtangent c Curve expreſſing Biggs: ithms, eil's 
Trac. Pag, "iS 155 8 e 2 "ey * W mig 


| * 8 7 
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Conſttuction of Logarithms. 47x | 


ing made the Canon upwards, above 1000 to 10000, * Conſe. 
quenee i is made for all inferior Numbers. —_ 

The prime Numbers to which Logarithms muſt oy ſourd, in in .—- 
the Grit Fins are theſe, 2. 3 . 225 N 29 

1 715 59510771. 73 ad, 9. 97s 

7 BI uy Bit 508; Cyphers. . % . 

But ſince it was very tedious and laborious, to find the Loga- = 
rithms of the prime Numbers, and not eaſy to compute B Wo 
by Interpolation, by firſt, ſecond, and third, &c. erences, = 

therefore the t Men, Sir Iſaac Newton, Mercator, Gregory, 
Wallis, and laſtly, Dr. Halley, have pu ubliſhed infinite converging 
Series, by whic th Logarithms of Numbers to any Number of 
Places may be had more expeditiouſly and truer; . Concerning 
which Series, Dr. Halley has written a learned Trad, in the Phi 

 iſaphical Tape, Wen he has demonſtrated thoſe Series 
atter a new Way, and ſhews how to compute the Logarithms by 
them. But I think it may be more proper here to add a new, 
Series, by Means of which may be ſound, eaſily and eps, 
the Logatithms of large Numbers. 

Let & be an odd Number, whofe Logarithm is ſought ; than-: 1 
ſhall the Number 2 —1 and & +4 be even, and accordingly their 
Logarithms and the Difference of the Logarithms will be had, # 

' which let be called 72 Thereſore, alſo the Logarithm of a Number, .* 
which is a Geometrical Mean between z—1ands + 1 will 


given, ee to 5 half Sum 8 the Logarithms. Now the 

Series y 10 181 72 * 

&ec. ſh Pans to — 1 the Ratio, which the Geo. == 
metrical \ * 


ear between the Numbers RY and £1, has to the: 
Arithmetical Mean, viz. to the Number z. 


1 the Number exceeds 1000, the firſt Term * the Series 


u ſuſfeient for producing the Logarubm to 13 or 14 Places of 1 
gutes, and the ſecond Term will give the Logarithm to 20 Places 
of Figures. But if « be greater than x0000, the firſt Term will 
exhibit the Logarithm to.18 Places of Figures; and ſo this Series 
is of great Uſe in filling up the Logarithms of the Chiliads ornit- 
ted by Briggs, For Example, It is required to find the Logarithm = 
of 20001. The Logarithm of 20000 is the ſame as the Logaritùm 
of 2, with the Index 4 prefixed to ii; and the Difference of the Lo- _— 
garithms of 20000 and 20002, is the ſame as the Difference of the E 
Logarithms of the Numbers 10000 and 10001, viz. 0700004342 
727687. And if this Difference be divided by 45, or $0004, the 


1 
. 
. $4.4 


uf 
f 
4 7 


Fun it te Logartht of the Gebme- 4. "30105 1969302416 
tmtical Mean be added to the Qpetſent.ĩ:u 
me Sum wil be the Logarithm of 4. 30e 1709845230 
4 20601. Wherefore it is mamfeſt, hat 


ds bave the Logarithm to 14 Places of Figures, there is no Ne- 


But if you have à Mind to bave the Logarithm to 10 Places. of 
= Figures only, as they are in Flachs Tables, the bo firſt Fig 
ol the Quotient are enough. And if the Logarithms of the Num- 
3 ders above 20000 are to be found by this Way, the Labour of 
di.ͤeing them will moſtly conſiſt in ſetting down the Numbers. 
= . * "Note, This Series is eafily deduced from that found out by Dr. 
Hal; and thoſe who have a Mind to be informed more in this 
Mutter, let them conſult! his abovenamed "Treatiſe, 
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| TAanoznTs; 3c, . 5 
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IT UNS To OE OA Ts, that the Periphery of a 
. Circle, whoſe Radius is Unity or 1, is 6.283185, &c. and 
that the natural Sine of one Minute doth ſd inſenſibly differ from 
ttbe Length of the Arch of one Minute, that it may be taken for 
„ . ns RE, 


— 


FE. 


8 . A, the. Periphery in Minutes: 1 10 the Peri- 
. IJ phery in equal Parts of the Radius :: ſo is 
_ Conſequently, one Minute: to tbe Parts agreeing to that Mi- 


Cnute. 4 7 i © 


* 


— 


8 Rod : . 
22 #% x 


— .. — Thatis,. 21600 693183 >: 17 0 ο,nG fg = the Natural 
Bause of one Minute; Which agrees. with the largeſt Table of Sines 


— 


ü I 1 7 | ever ſaw, 5 be i434 - 
_ 3 = W i . . 
Hang thus got the Sine of 
PF, : 
i 84 wy * ne ” : : kf 
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I \ * f 1 
one Minute , its Co · ſine may be 


* * * 
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ecſlity of continuing out the Quotient beyond 6 Places of Figures. 


1 bh en f 5 | 404 = 0 1 7 $ * 7 1 uh N * ; * 1 : 1 1 3 
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= Mr. NAR D's Eaſy Method of making the Canon of Stxxs, 
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the remaining Part o 
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the Arch 8. . Then RN= CS is the | 

Co- ſine of that Arch. But [] RS— (Ws Dea 

OSN = URN, cot ſequent]y, Z g 

v RN; N 
That is, from the Square of the Ra- &__— 

dius, ſubtraQ den of the Sine | | 


of 1', the ſquare Root of the Remain- 
der will be the 


Sine of 1', per Chap. 


Ay. Prop. In Numbers, the Sine e 4 
of 1“ 1s 0988 5, its Square is ooboobSSfic; and 1— 


0500000008461 2 = 299999991 5388, the Square Root thereof 
is 99999995 ile Co-Sine required. 

The Sine and Co-Sine of one Minute being thus abinines” all 
the Pr Sines in the Quadrant may be graduall calculated 
by Mr acl Dary's Sirical Proportions ; which I ſhall here 


Inſert, to the ſame Effect as they are in his Miſcellanies; and then 


explain and demonſtrate the Truth of thoſe Proportions. 
If a Rank of Arches be equi-different ; 
& As the Sine of any Arch in that Rark: is to the Sum of 
Jide Sines of any two Arches equally remote from it on 


Then J each Side : : ſo is the Sine of any other Arch in the ſaid © 


Rank: to the Sum of the Sines of two'Arches next it on 
Ceach Side; having the ſame common Diſtance, © 
Immediately. after theſe Proportions, he lays'down'the follow- 


ing Equations: 


Three Arches equi-different being propoſed if (hach he) you 


. Z S the Jgine of the great Extreme, y = the Sine of the = x 


xtreme; M the Sine of the Mean; m= the Col ſine there 
d ihe Fine of we common Difference; 42 822 Co- hne thereof; 
and R = "0 Radius. 


25 | 1 
; Ther 2 pb. Th. : 


Ft om the foregoing it is 8 ith a that if two Thirds, 
vir e r ide former or latter 60 Degrees, or the former 30 Deg. 
aud the latter 0 5 of the Quadrant be completed with Sines; 


the eee be W * Addi- 
non, or eee 1 15 


111 enn 


Making ef Sines, &c.” 43 


Suppoſe R 4—RS the Radius of any ag" yo: ou 9 r of 
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4 474 = Making: ofSine, &e. 


Thus Har is from the. i hy r Mr. * coneeming ; the 
excellent Proportions ; + 
of —# ge 


4 = UI 
* = "—_— 


#14 


bs Þ 1 C. 
bie D da are Dia- 


1 233 3 —-—- 


Pas parallel 40. 
; DA; then will Ne 
8 4 And the A d ac, 
e fe, being * 
Kay right-angled, at- 
2, and d = G ao 'b "35 3 
bre ſubtended bvßỹßʒß ©, '& 5 2 
the equal Archezac= . x 8 5 .ngk Gn 
4. n 
FE e e ons 6 Ge. 2 
a ales equently. da: de:: Gif : Ge. But Hb = = Gf; / whence 
4 2 Gf, l = the Radius: 4 dy = 4 dc; +» Therefore 
1 will be, Radius: 2 dp: HM—=4G een 
= m Lf. That is, as the Radius t is to twice the Sine ad p: ſo is the 


Sime HM:: 10 the Sum, of the two Snes G N:agdhBY o 


265 TX: 
> 70 


* Th ſhall now explain theſe proportions, and ſhew how they may 

ed in Practice: Having the Sine of one Minute, my its 
ine as” before; let. the Radius be made the mean or mi 4 
Term between thoſe two Extremes; then the Proportions will ru 

| * As the Radius: is to the double Co- ſine of one Minute:: 

A ſo is the Sine of one Minute: to the Sine of two Minutes, 

and of 00”: and fo is the Sine of 2 :: to the Sum of the 

Simes of and 1“ :: and fo is the Sine of 15 to the Sum 

. of the Sine of 4 and 2% 

And ſo on in a | ſucceſlive Order, from Minute 1 Minute, 


And then, if from the Sum of the Sines. + and 1 be taken 
. Sine of 1, the Remainder will be the 3 And the like, 
: if, from the Soi of the Sines of and 7 i the Sine of 


"2 „ thete will remain the Sine of 4, Ge | 


Proceeding on by this Method, all th 1 Sites in the 
e may be eaſily calculated by Aa and Subtraction 
. only. Fot the Radius, or firſt Term in the Pro portion, being 


1,0000000-0r Unity, Diviſion is wholly avoided : Fad becauſe 
the ſecond Term in the Proportion varies not,if a Tariffa, or ſmall 


to Yn be mace > an to all We nine Digits, then Multiplication 
* * 7 * 1 — — 2 | 
| 2) 3 | 


* A 


| hat Arch. 1 5 - , . + ind; 


called Minutes; and each Minute 
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g 2 F : bo SE 7 | * 
5 a 4 — 1 
® K * g Q 0 0 
It » 1 * 7 g 4 
nometry 3 | k 
— L.A | 
metry, * : = 2M 
* 0 29 4 


s ; allo avoided. * by the, Hep _ that Tariffs; the de * 


Work may be performeditby Aachen and eee until all 
the Sines are gradually made. 3 
Thus you have an ealy Way of £3 = the Cation: of Sin 53 _— 
which being once done; the Fangents and Secants. * Fe fond 
by the following 4 f 
As the Co- ſine of 0 f bny Arch + +'is to the Sins of Fo 
Proportions Arch : : fo is the Radius : to the Þ 3 rs , 
ame Arth. 4 
That is, 'by#he 5 & geben of this Problem, the 
RN:8N::R: 74. And! Was RT == the, Ses 


* | -*, Ke BT. ; 
PP ANF Tao EAT. 
* 1 * ey *. a 
Dirisrrioks, nn 
A ech ö is \ poked to be 3 
divided into 360 equal 


Parts, called Degrees; and each 
Degree into 60 equal Parts, 


into 60 equal Parts, called Se- 
conds, & c. Any Portion of whoſe 
Circumference is called an Arch, 
and is meaſured by _ Number 
of Degrees it con x 
4 2. A Chord-br 85 btenſe K a 
raight Line, canneQing the I x- 
tremities * 40 ch ne BE is 
the Chord. of the echt BAE, | ., =» 
ky A 0 Re gh Löns del fn 57 
Sine (or t-line) is a rag t Line drawn from one 
of A Areh rpe ndicular to that Diameter paſſing throt zh the 
other End ei is half the Chord of twice the Arch; f6*B F.is 
the Sine of the Arches. BA, BD, . And here it is eviden!, | at the 
Sine of go Degrees (which 1 is equal to the Radius or Sem, Dia- 
meter of the Gucle) is the greateſt of all Sines, the Sine of an Arch. 
gn than a Quadrant being leſs than the Radius. | 
4. The Difference. of an Arch from a Quadrant, whether it be 
greater or leſs, is ealled its Complement; ſo Hh is the Comple- 
ment of the Arches BA, BD; Bl is the Sire of that Complement, 
and there fare it is called tlie Co ine or Sine Complement of the 
Arches BA, BD. A 
5. The Secant of an Atch is a ftraight Line drawn from the 
cee thro” one End of the Arch till it meet with the Tautzent, 
WD a” - 42 | - which 


. 8 72 
"To 992 
> . v; 
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4 _—_ TI ah F 
Me * Plane . ** "Wk ry | 
8 oe . 
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A | FR 1 is a ſtraight Line ir the Circle at the Extremity of 


Ach BA, and FD of the Arch BD. . © 


11 * F N r K ** " * * — 
A 28 9 > ** Nan ö p ets 9 7 
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that Diameter which cuts the other End of the Arch; fo CG is the 
Seeant, and AG the Tangent of the Arches BA, BD: And CK is i 
the Co- ſecant, aud HK the Co-tangent of the ſaid Arches. 

6. A verſed Sine is the Segment of the Diameter intercepted. bt 
between the Arch and its Sine: Thus FA is the verſed Sine of the 


7. Whatever Number of Degrees an Arch wants of a Semi- 
Circle is called its Supplement. 


8. That Part of the Radius which i is betwixt the "SO and 


bo. . - Sine is equal to the Co- ſine; thus CF is IB. 
3 


| 5 * (or Side oppoſite to the Right- 


2. If an Arch be greater or leſs than a Quadrant, the Sum or 
5 | Difference of the Radius or Co- ſine is equal to the verſed Sine. 
In a Triangle are ſix Parts, viz. three Sides and three Angles : 
"Any three 4 Which being given, except the three Angles of a 
Plage Triangle, the other three may be ſound either Mechani- 
cally, by the Help of a Scale of equal Parts and Line of Chords, 
or by an Arithmetical Calculation, if, ſuppoſing the Radius di- 


dogs 0 - Number of equal Parts, we knowghow many of 
e, are in the Sine, Tangent, or" nt of any 
an The Art of inferring which is &alffed Trigono- 


* woot eaſed either Plane or Spherical. 


Trigopometry is ſolved by the ep of four fundamental 
Pr ee ed Ao 


AB berthe.. Tangent-of the Angle 
oppoſite to it, She Hypothenute 


e) its Secant (by Definition 5.) 
ut if the Hypothenuſe A C be 
made the Radius of a Circle, then | 
will the Legs (or Sides including the Right-angle) to wit, CB and 
"AB be the Sines of the Angles oppoſite (by Definition 3 ) 
Upon this Axiom depends the Solution of the ſeven Caſes of 
| Right-angled Plane Triangles. 
ote, That the thre& Angles of à Plane Triangle make two 
 Right-angles, or 180 Degrees, by 32. 1 Eucl. 
For the more eaſy making the Proportions for the Solution of 


| : Right-angled Triangles, obſerve, et as as different Sides are made 


| Radius, ſo the other Sides require different Names, which Names 


are either Sines, CER or bers us and are to be taken out of 
your — 7687 


n 
" Pike Ballin]. 4. 
To find a Side, an "Side, may be made Nadius: Then ſay, as 
the Name of the Side given is to the Naine of the Side required; 
ſo is the Side given to the Side required. 
But to find an Angle, one of the given Sides moll be wade Ra 
dius ; then, as the Side made Radius, is to the other Side z ſo is the 
Name of the firſt Side (which is Radius) to the Name of the ſe- 
cond Side which fourth Proportional muſt be found among the 
Sines or Tangents, & c. to be determined by the Side made Ra- 
dius, and againſt it is the Angle requit ee. 
The Proportion for the Solution of ſeven Caſes of Plane Right« 


argled Triangles. See the next forepbing Fig.] 
Given | Regd. | 3 | Ras ; 6. Cafe: 
ABS. Ne x Si. Arr; AB; ECA "IC 
A-and 50 R: Tan. A:: AB: BC. AB 1 
N * Co- uA: © N =. E * BC. 555 BC 
AB Coſi. A: R :: AB: AC. AC 
Aand | AC R: Sec. 7h : AB: AC. Js 2 
C Tan. A: Cole. A:: AB: AC, 
A B . . 
and 
BC C 
LI ; 1 8 5 
BC. J. AC.Ac. 28 Re: IB AC, 9 - ; Girl hid 
J?  AB+UBC: : =AC (per! ne 
f . | N NY 1. Eucl. r W * FE | o 
AB [Aid] Ac: BC :: R:Cofi. A" | AC [ 00s. 
AC CT AB: AC:3R: Se + ABLE 


R: Tan. A; 1 AB. 05 er 2 2 
af: DAC—- DAB: : = BC. 


AS} © C: Co. A:: Ac AB. * nt 
A and AR Sec. A: R :: AC: AB. 6 7 
. | Col. A: Cof. A: AC: I EA 
N ATU] © 1 br) 
EY any "Triangle the Sides are proportional to the Sine sf the op- 
pon Angles. 8 D2u Oneonuyton, | 
p 


BN 


2 Y produce CB, the N 


- Pw" 8 + 
of a W nm * * 2 
oh ate Z A RA. * * — * * * ; . 
* 1 7 g 0 5 7 > 4 A 2 > K - hay, af 
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478 Plane FTrigonometry. 
Produce the leſſer Side of the Triangle 480, to wit AB to'F, 
making H= BC: Let fall the Perpendiculars BD, FE, upon the 
Side CA produced if Need be; then will FE be the Sine of the An- 
gle A, and BD the Sine of the Angle C, to the Radius BCF. 
Nou the Triang les 4BD-and AE, having the < 4 common 
to them both, and the < D = < E= to a Right-angle, are ſimi- 
lar; wherefore (by 4. 6 Eucl. Elem.) AF (BC): AB:: EE: 3D; 
viz. :: Si. A: Si. C. Q. E. D. Otherwiſe thus; by Ax. I. 4B : 
R:: BD: Si. 4, and BC: R:: 3D: Si. C; therefore AB X Si. 
4 SR = BCXSi.C; -wherefore 4B : BC. $i. C: 8. 
A. Q. E. D. oy" | 1 | 78 


The Sum of the Legs of any Angle of a Plane Triangle is to 
their Difference, as the Tangent of half the Sum of the Angles op- 
poſite to thoſe Legs is to the Tangent of half their Difference. 
„„ „„ 5 
In the Triangle 


leſſer Leg of the An- 
gle B, till BD becomes 
'=B A, the greater 
Leg, and then biſe& 
Cin E; join AD aſc-t 

biſect it alſo in F; — | 
draw BF, which (ly © 5s E i D 


8. 1 Eucl. E,) will be perpen. to AD; and draw EF, which (by 


2. 6 Zucl. Elem.) will be parallel to AC. Then will the Angle 


5 * «  ABF=FBD=3 ABD, which external Angle ABD is (by 32-1 


Furl. Elem,) = BAC +C, chat is to the Sum of the oppoſite An- 
ges required. nn | i”. 2 | 
Draw then BE parallel to AC, fo will the Angle GBA be (by 29. 
1 Eucl Elem.) equal to its alternate one BAC} and if from halt the 
Sum of the oppoſite Angles you take the leſſer Angle, i. e. If from 
< ARFyowiake the < GBA, there will remain & GBF = half 
the Difference of the oppoſite Angles: And ſo alſo, if from CE 
half the Sum of the Legs, you take CB the leſſer Leg, there will 
.remam BE equal to half the Difference of the Legs.” And then 
ſince the A ABF is Right-angled, if BF be made Radius, AF will 
de the Tangent of < ABF (i. e. the Tangent of half the Sum of 
-the-oppoſite Angles;) and in the-little A GCB, FG will be the 


© Tangent of the < GBP (i. e. the Tangent of half the Difference 


Ing 


| of the oppoſite-Angles -) But the Segments of the Legs of any 
Triangle cut by Pines parallel to the Baſe, being (by Schol. to 
proportional; EC: EB: : FA: FG; chat is in 


2. 6 


Vo, alf ie Sum of the Legs is to half their Difference, bs 


. 7 co 
wo be LAS 
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1 N. . 1 * 
ECL 8 " —_ | p > * 

4 ntl 6 "= > P "3" ur 1 : n 


| any Plane Triangle is to the e Wh © 155 


"Given: | Regd. | XD — Proportions... | 15 45 as Caſe. 
» AB 9 7 14 nien 0 EX . 
30 1 5 +; AB BC: 8. C. 81 A. [2 


+ Side oppoſite to the 
but if ſhorter, then is the ſaid Angle doubtful, and may be either 


right Angles are theſame ; Wherefore to be certain, of what Q ha- 
lity the Angle oppoſite to the greateſt Side is: Take the Sum _ 


-rithms, if the half of them be equal to the Logarithm of the third 


A? EEE"; WIT 3 5 * 
* % " * 


+ th " * 2 * * 9 . ah . — A 10 * * - 1 * - p 9 "©" 
9 1 ** _—_ * _— EM , 3 * I * * » 
- 
0 
. 
Plane vB 47 
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the Tangent of half the ere Pur es ae ngles is to the Tan- 
gent of half their Difference: But les are as their Halves : 
: whereof the Sum of the Legs is to their Difference, as the Tan- 4 
t.of half the Sum of the * e is to the Tangent of Wo 
half their Difference. Q. E. D 5 bo 
Axiom IV. 2 n 


The Baſe or greateſt Side of - 


Sum of the Legs, as the Differ- 
ence of the Legs is to the Differ- 
ence of the Segments of the Baſe. 
made by a Perpendicular let fall 


om the Angle oppoſite /to the . ON SY 
Baſe. 
DEMONSTRATION, 


AC, of the G ABC, let fall the Petpandicular BD; on 8. as a 1 

Center, with the greater Leg AC, as a Radius, deſcribe the Cir- © 

cle BxCyZ ; and produce AB to æ and, and CA to Z. Then by 1 

the 35. 3 Bucl. Elem. Ay X Ax is = ACX AZ; viz.: 3-34 

2X: BC + BA; CX: DC DA: therefore AC: BC+B4 | 
+ BG—BA; DC—DA. AE. D. Srl let the Difference 


EE C and AB be taken and divided by 


the Baſe AC,/the Quotient ſhall, be the Difference of the Segments 
of the Baſe aforeſaid: Or, Square all the 3 Sides, and deduct 
the Square of one of the leſs Sides out of the Sum of the other 
two Squares, divide half the Retriainder by the longeſt Side, the 
Quotient is the alternate 4 of the Baſe. 
The Proportions for the Solution of the ſix Caſes of Plane oy 1 
11que Triangles, [.)GSee the laſt Fig.] 2 


; ml 


and C 
N. B. HE Tf the gien — ava 4 A 


are each acute | 
2dly, If the Side of poſite to the given. Angle i is longer than the 
Angle ſought, then is the Angle ſought acute; 


acute or obtuſe, becauſe both the Sine and its Complement to two 


Difference of the greateſt Side and Midde (or leaſt) add their 
Side, the Angle MIS to the þ lng. Side is a right Angle ; ; bt 
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3 ence, hy Saba 5 dhe 8 . 5 x 
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4 5 i. A: $i 1 no 10 £3479 Jen!!! P19 
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„ ; Or raked acadily "At one Operations! wt pit 
1 Ten bel the Sum of the Sides 3 each — ide, 
_— -: Somrof-theEogarithm of -the-half Sum and 'Differ- 
ee gnce of the Side ſubtending the 23588250 Angle he ſubducted from 
1 be 4 5 of the Log. of the other Difference and the double Ra- 
dus, halkthe Remainder ſhall be the Log, of the Faggent of-balf 
ih "the erquired Angle. 
. ff ble to this Axiom in Gellitrand's rig: \Britanvica, p. 46. 
1 the 1 4 le Hi half the Sum of the Sines and the Difference 
1 W nd the Side 6 ppoſite fo. thy > Angle required, is 
dio tbe 95 e 890 the her two Worn ſo is the Squate of Ra 
Ai to mne — — of the Tangent of half the Angle op _—_— 
1 E Angulis latifa Del eg Uteribus Angu los &&- 24255 in Triangulis 
ban þ tanigh im Spherieits equi, Summa Gloria Mathematici eft : 
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ba in A emen 
280, 386 —— bow biſected 293 
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| Acute Triangle 288 — at the Pariphery 6 Th _ N 
its Properties 319 Annuities. See Fenſtons- 
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Ale Meaſure 33 A | 


Wenn d none. 25 118 Back, its 4 0450 
Alligation Media! 110 Barrel, how gauged» 439 
Alternate i 12, Barteridg Cortihodities, 04 
Partial 114 Baſe of : Triangle ct. 151-1-1208 
Total 1159 227 - of a Cone 39 
Alternate Segment 323 — of a Pyramid> nil, 418 
Altitude of a Figure 289 — of a Fruſtum ibid. 
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Bause its Root . Cube Geometrical 
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4 — 5 its Content found 
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_ Caſk Gauged _ 449. 5 Wi l 
88 15 
Center of a Circle 2286 Decagon, how formed 
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—— common Particular ibid. its Area found 
Change of Order in Things 82 Decimal. See FraQions, 
Chord of a Circle 28) Decimal Tables 
Circle 127975 286 Demonſtration 
its Properties 315 Denominator 4438 
— how divided _ 356 Diagonal of a 8 290 
1 „ Pe e 406 — its Property in a Circle 316 
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Points . K 5 208 Dimenſions 2, 123 
1855 cient - 144 Pin 4 n 21 
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Common Meaſure 32, 166 — of Vulgar Fractions 56 
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Cooler, how gauged 431 — of Algebraic Integers 153 
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1 "08 is Content found 417 opal” {if 19 
— its Curve Superficies ibid. AY Wong 2 223 
its Content gauged 444 Diviſor | 
Conſugal Hyperbolas 394 Dodecagon, how fmed Wh. 
= * Conju Yogate Diameter 3% — inſeribed i in a Circle 346 
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Conſequent 78,187 Drip or Fall of adi 447 
= Conſtruftion of Equations 324. 0 
Copper how gauged 155 448 Ellipſis holy 363 
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- Alpſis, its Area found 412 Gr vs? 


——the ſatngghoged 43 - 
Riliptical Compaſſes © 375 2 practical 433 
Engliſh Corn 31 | Geometry e 
Equation - 5 Globe. See Sphere. 
— Quadratic ſolved Golden Rule Single 83 
—— the ſame conſtructed 1 | ;Double 1 '< 94 
uations, Cubic, Biquadratic, 175 H. - | | 
ec. ſolved _ 237» 337 FN 
Equations how turned into Ana- Harmovical Proportion _- 189, 
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Exponent. Sce Inden. — its Parameter found 388 c 
Tatream © 73 — its Focus found 369 
ö F. how deſcribed 
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Factors | 144 * 3957 
Fellowſhip Single 9 Hyperbolas conjugal- . 394 
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Figure in. Arithmetic 3 Hypotheoufe 58 100 
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—— Algebraic 145 Inching:a Tun, c. 
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Frnſtum of a Cone fond 418 Indices of Pow 44 MI 
— the ſame,gauged 445 Infinites, their Arithmeti: 397 
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Pentagon 290 
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— its Content found 415 
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—— its Content found 430 
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